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rugged controller that gives you 






ACCURATE PRESSURE CONTROL 









AT LOW COST 













The Masoneilan No. 2500 Pressure Controller gives plants accurate, 


dependable instrument control at a price no greater and often at a lower cost 





than other less efficient methods. 






Typical pressure control applications where these controllers are improving 





quality include reducing service on primary or auxiliary steam lines, turbine or 






bleeder make-up, pump discharge pressure control, heating and evaporating 





systems. The No. 2500 is available for control of pressures between 30 inches 






vacuum and 500 pounds. 







Masoneilan No. 2500 Pressure Controllers are rugged, simple and economical 


to operate. And although they are relatively inexpensive, they are built to the 





same high standards of quality materials as all other Masoneilan equipment. 






Bulletin 2500 gives the entire story. Write for your copy today. 
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No DOUBT it is pardonable for men to find 
delight in the destruction of plants whose output 
once supplied our enemies. Recently the announce- 
ment that plants of the I. G. Farben group in 
Germany would yield to explosives, 
one of many products these plants 
formerly provided for the German 
armies. 

It is well not to take satisfaction 
in that destruction. The world has not been made 
safe thereby. 

Men grasped scientific knowledge before those 
plants were built. Once built, men learned how to 
so operate them that the laboratories were verified. 

Explosives are not going to destroy the knowi- 
edge on which the German chemical industry was 
founded; neither will explosives erase the plant 
know-how, so essential in all manufacturing. 


Of Little 
Comfort 


* certain encouragement of monopoly lies 
in the proposal to so change the patent law that 
men cannot protect their inventions. Somehow 
both in government and out there is a school of 

thought which locks upon the 


Encouraging patent as evil and proposes to 
make of invention public prop- 
Monopoly erty, 


Should that prevail men will 
continue to investigate and to come upon methods 
of accomplishing beneficial and profitable results. 
But instead of filing patent papers, they will strive 
to operate in secrecy, thus hoping for a protection 
the law no longer provides. 

A manufacturing process based on a secret will 
provide monopoly the like of which the Depart- 
ment of Justice has yet to master. 
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|, all else the American. economy needs 
its production line in full operation. This need 
supercedes the demands of any one group. Only 
by bringing its facilities under full steam can this 
nation fulfill its obligations. 
As the military machine is 
reduced, its men must go 
into gainful employment; 
men and women must shift 
from the making of munitions into other employ- 
ment; savings must find attractive investment. 


Seeking What 
Nobody Wants 


All of this is classed as reconversion—a difficult 
accomplishment under any circumstance. 

The pent-up demand for peacetime goods, how- 
ever, is such that its accomplishment, simply by 
taking advantage of demand, is encouraging. The 
American production line is not going into high 
gear for the reason that men and groups will not 
permit it to roll. Instead of encouragement it is meet- 
ing obstruction. 

The instances are numerous. One group calling 
itself the employed is arrayed against another 
group calling itself the employer. They are making 


‘furore over a certain percent of earnings, profits 


or money otherwise earmarked. What these groups 
seem to ignore is that earnings and profits do not 
exist until the production line goes into action. 
Even then it has to be efficiently operated before 
it turns out more than goes into it. 

What halting the production line does to the 
national economy is evident from calculations of 
the Automobile Manufacturers’ Association. Its 
findings indicate that between V-J day and Oc- 
tober 31, strikes in automotive plants removed a 
half billion dollars from purchasing power. 


Such was the cost of only minor labor disturbances, 
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This manufacturer needed a heating medium for a 300°-350° F. 
processing operation. Steam would have required higher pressures 
than he wished to use. So, with an eye to low-pressure operation— 
and to non-sludge characteristics, too—he picked liquid-phase 


Dowtherm. 


The material to be processed is a carbon mixture. A 210,000 B.T.U. 
liquid-phase Dowtherm system eliminates the pressure problem . . . 
holds temperatures within the required range in the cast-iron jack- 
eted tilting mixer shown in the illustration above. The engineer in 
charge mentions particularly Dowtherm’s freedom from decomposi- 
tion and sludge difficulties. 


This kind of dependable, trouble-free service has established Dow- 
therm’s place in many industries. Dowtherm permits exact control 
of temperatures throughout the difficult range from 300° to 725° F. 
Low pressure requirements make for greater simplicity and safety 
of operation. And a Dowtherm unit operates year after year with a 
minimum of upkeep and replacement costs. 


If you are working toward greater product uniformity, reduced 
maintenance, and speedier production in high-temperature process- 
ing . . . we invite you to investigate Dowtherm. Dow’s free booklet. 
“The Dowtherm Story,” is yours for the asking. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
New York . Boston . Philadelphia . Washington . Cleveland + Detroit 
Chicago St. Louis . Houston . San Francisco los Angeles © Seattle 
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most of them without union authority and often 
classified as wildcat. It is proof that only a few 
weeks of idleness will rob workers of more than 30 
percent in wages, a charmed figure in demands. 

Automotive concerns had new models on dis- 
play for several days before they could announce 
prices or conditions of sale. Some little men, sit- 
ting in big chairs in Washington, could not lock 
their privileges in desk drawers and let the econ- 
omy roll. For some reason it is classed as a crisis 
when three men desire to buy two automobiles. 

In refining the idle plants went back on stream 
only after the Navy took over. In that both sides 
to the controversy lost prestige. Although the fed- 
eral government has more bureaus and more laws 
than ever before existed, all provided for prevent- 
ing labor disturbances, it is today less successful 
than at any other time. While some elements in 
government falter others simply decline to take 
any action as to retail prices. 

So the group that calls itself the employed calls 
for a 30-percent increase in wages and assumes 
that such can be provided without disturbing price 
tags on merchandise. Men in any group know bet- 
ter than that. Somewhere and sometime prices 
must be increased if costs continue to increase. 

The pitiful situation is that there is nowhere a 
disposition for men to come together for the pur- 
pose of doing things in a profitable way, a condi- 
tion on which wages can be increased and profits 
increased. The observer cannot escape the suspi- 
cion that the employed would enjoy a day of lean 
profits or no profits for the employer, who in turn 
would enjoy a day when the employed had a 
wretched treasury. 

It would be well if the American production line 
could have the benefit of mutual effort to keep it 
moving rather than retarding it. 


hi NOTHING else are men so inconsistent as 
in their attitude toward the magnitude of business 
ventures. However small an effort, its proprietor 
hopes it will grow. He labors to that end, even 

brags when growth is accomplished. 
Size in Men by thousands have become 
Business ¢@ty, wrinkled and bent in conse- 

quence of forcing a sales volume 
higher and higher with each year. 

Nothing in these efforts betrays any fear that 
there is harm in size of business. They seek 
growth and defend its virtue. 

All the while men in Washington and in the 
State houses strive to hamstring big business while 
they pamper little business. And men who own 
and nourish small business ventures will go be- 
fore legislative committees and give testimony in 
Support of such legislation. 

Can it be that business men prefer to grow into 
that which of its size is inherently evil? 
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“What we often forget are the millions of pay. 
envelopes on a peaceful Saturday night which are 
filled because new products and new industries have 
provided jobs for millions of Americans. Science 
made that possible, too.” | 

Dr. VANNEVAR Busi, in “Science: 
the Endless Frontier.” 


a wii Hugh Butler of Nebraska, com- 
menting on his move to have the government 
retain ownership of the alcohol plants built for 
the rubber program and remain permanently in 

that business to process agricul- 


Interest tural commodities, observes he 
“has an idea that the oil industry 
Collateral = ould be glad to see the alcohol 


plants closed. down.” It is true a 
few in the industry are tired of drinking hair-tonic 
alcohol from the Indies, and all are hoping for 
more bacon and beef that the grain might provide, 
but, as has been pointed out before, the small per- 
centage of petroleum required for rubber is too 
small to give the oil industry as a whole any 
concern. 


L IS encouraging to observe the consideration be- 
ing given incentive wage proposals. Instead of auth- 
orizing its adoption men are seeking to determine its 
adaptability to an industry and finally to a plant. 

Thus far refining has made but 
little headway into this method of 
paying its’ workers. An observer 
can appreciate difficulties in adapt- 
ing it to refining. Still, it is not wise 
to come to a decision to the contrary. The proposition 
of paying a man in keeping with what he produces 
may prove workable in all particulars. 

The attitude of an open mind while the subject 
is studied is the encouraging attitude. Men who fix 
policy as well as men who want “take home wages” 
are equally interested in the subject. So long as they 
are willing to work the program out together the 
method is hopeful. 

When any change is either condemned or approved 
without adequate study, failure holds a rung on the 
ladder. 


Proper 
Approach 


Opportunity 


“We have a period of grace of about five years in 
which to solve this problem of how to live in peace 
with our neighbor nations in a world of atomic bombs. 
If we fail, civilization fails. If we succeed, your chil- 
dren and mine will climb to new heights on the scale 
of civilization.” 

Dr. C. G. Suits, Vice President, 
General Electric Company, on 
“America’s Town Meeting of the Air.” 
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High-Capacity Operations on 








Fluid Cracking Units 


E. V. MURPHREE, E. J. GOHR, H. Z. MARTIN, H. J. OGORZALY, C. W. TYSON 


Standard Oil Development Company 


To FACILITATE the understanding of the meth- 
ods used, a brief description of a typical plant will 
be given. 


The flow diagram shown in Figure 1 is a simplified 
picture of the downflow type of Fluid catalyst crack- 
ing plant. In this plant hot catalyst flows from the 
bottom of the regenerator into the regenerated cata- 
lyst standpipe where it builds up pressure due to the 
static head of the relatively dense fluid catalyst. The 
rate of flow of the catalyst is controlled to maintain 
constant reactor temperature by a valve located at 
the bottom of the standpipe above the oil injector. 
This results in a constant ratio of catalyst to oil being 
fed into the reactor. The oil is vaporized and super- 
heated by the hot catalyst which is then carried to 
the reactor by the vapors. Due to the decrease in gas 
velocity in the reactor the major portion of the cata- 
lyst settles out into a dense bed, and only a fractional 
percent of the catalyst circulated is carried out of the 
reactor with the cracked vapors. Practically all of the 
catalyst carried overhead is returned to the system 
by means of recovery equipment. The spent catalyst 
fows down through the annular zone at the bottom 
of the reactor, where a flow of steam strips out en- 
trained oil vapors, and into the standpipe where it 
again forms a pressure leg above a control valve. 
The catalyst flow through this valve is regulated to 
maintain the reactor catalyst level at a constant 
value. The reactor catalyst level may be varied at 
will to obtain whatever degree of conversion is 
desired. 


The catalyst flowing through the control valve is 
picked up by air in the injector and carried to the 
regenerator. Here the catalyst again settles out in 
adense bed, and only a small fraction is carried out 
of the vessel to catalyst-recovery equipment. The 
coke formed during the cracking reaction is burned 
off in the regenerator, and the catalyst, after re- 
generation, flows into the regenerated-catalyst stand- 
pipe, thus completing the cycle. 


The cracked-oil vapors from the top of the re- 
actor flow to the bottom of the fractionator. Here a 
recirculated stream of the bottoms flows down over 
disc and donut baffles and scrubs the last traces of 
entrained catalyst particles from the rising vapors. 
This bottoms stream also removes heat from the 
vapors and then passes through a series of heat 
‘xchangers where it gives up heat in part to the 





F ww catalyst cracking was developed originally by 
Standard Oil Development Company as a means of in- 
creasing the yield and quality of motor gasoline and 
other saleable products which could be obtained from 
crude oil. However, with the advent of World War ll 
the possibilities of this process for production of such 
important war materials as aviation gasoline, butylenes 
for rubber manufacture and toluene for explosives, be- 
came fully appreciated. As a result many plants were 
quickly designed and constructed throughout the United 
States in order to provide the Army and Navy with the 
| desired large quantities of these materials. As the war 





progressed the demands for these strategic materials 
increased considerably. Because of their flexibility many 
of the fluid cracking plants were able to make extensive 
increases in capacities above the design values and 
thus aided significantly in preventing a shortage of 
petroleum products. 

There are in operation at the present time 34 fivid 
catalyst cracking units and about 9 additional plants 
are undergoing design or construction. Of this total of 
43 plants, all but 6 are located in the United States. The 
nominal design cracking capacity for these plants is 
about 540,000 barrels per day, in many cases based 
on the more severe operations for production of aviation 
gasoline components. However, it is estimated that 
under the less severe operating conditions which are 
best suited for maximum yield of motor gasoline the 
total feed capacity of these plants would be approxi- 
mately 720,000 barrels. 

As was stated above, these values are estimated on 
the basis of the design carbon burning capacities of these 
plants. The downfiow plants of the affiliates of the 
Standard Oil Company (New Jersey) originally were 
designed for a feed rate of 15,500 barrels per day 
when operating under conditions advantageous for the 
production of the wartime products. At the time the 
units were designed it was estimated that under condi- 
tions for motor-gasoline production the feed capacity 
would be about 20,000 barrels. it is the purpose of 
this article to describe the means by which limitations 
were overcome so that while making wartime products 
in these plants it was possible to make significant in-. 
creases in feed and production capacity. We will also 
show an “ultimate” feed capacity considerably greater 
than the wartime maximum can be attained in motor 
gasoline operations. 

This paper was presented before Division of Refining, 
American Petroleum Institute, Chicago, November 15, 
1945. 








| 


fresh feed, any excess being used to produce high- 
pressure steam. The catalyst picked up by the 
bottoms is removed by withdrawal of a small portion 
of the circulating stream to a Dorr thickener where 
about 70 percent of the heavy oil is separated from 
the catalyst. The thickened sludge from the bottom 
of the settler is diluted with fresh feed and pumped 
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to the reactor inlet to return the catalyst to the 
system. 

The basic factors which affect plant capacity may 
be summarized as follows: 

1. Cracking capacity. 

2. Feed preheat capacity. 

8. Carbon-feed stock conversion relationship. 

4. Regenerator carbon burning capacity. 

Due to a flexible design and adequate catalyst 
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cussed more fully below. 


Improving Carbon-Conversion Relationship 


Two methods for improving carbon-conversion! 
relationship have been applied. One of these involves 
the efficiency of removal of the entrained hydro- 
carbon vapors which are carried down from the 
reactor into the stripper in the interstitial space 
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FIGURE 1 
Flow sheet of fluid cracking plant 


activity maintenance, the cracking capacity does not 
normally limit the performance of:the plants of the 
Jersey affiliates. The reactor size and allowable pres- 
sure are great enough so that it is possible to main- 
tain reasonable catalyst quantity and gas velocity in 
that vessel. Also, there is sufficient spare heat in the 
fractionator bottoms to provide the increase in feed 
temperature required to maintain reactor tempera- 
ture as the feed rate is increased. During the war- 
time these plants have been operated to catalytically 
crack the amount of oil consistent with the maximum 
amount of carbon which can be burned in the re- 
generator. 

With carbon-burning capacity limiting there are 
two basic means by which the capacity of a Fluid 
catalyst plant can be increased: (a) Improving the 
carbon-conversion relationship, that is, the relation- 
ship between the yield of carbon based on feed and 
the extent to which the feed is catalytically cracked, 
and (b) by alteration of the conditions which limit 
regeneration capacity so that a greater carbon-burn- 
ing rate is possible. Both methods have been utilized 





4In this article conversion is defined as the percent of the gasoil in the 
feed which is catalytically cracked, with gasoil taken as fraction boiling 
above 400° F., E. P. gasoline. ‘ 


98 {424} 


between the catalyst particles. If allowed to remain 
long in contact with the catalyst in the stripper this 
material can become severely cracked and lay down 
much unstrippable carbon. Therefore, it is advantage 
ous to remove these vapors as quickly and com- 
pletely as possible. Improvement of stripper effi- 
ciency has been successful in reducing the hydro- 
carbon carryover to the regenerator by an amount 
equivalent to approximately 0.5-0.7 percent carbon 
by weight based on feed. This improvement has 
been attained by the installation of long thin box- 
like cells in the annular stripping section as shown 
in Figure 2. 

Because stripping of the catalyst is not entirely 
complete, even in the improved stripper, further im- 
provement in carbon-conversion relationship is ob- 
tained by reduction of the ratio of catalyst to oil fed. 
It is obvious that the same amount of heat can be 
transferred from the regenerator to the reactor either 
by a high catalyst rate with a low difference in tem 
perature between the two vessels or by a low catalyst 
rate and a high temperature difference. Therefort, 
for a given reactor temperature the catalyst-to-oll 
ratio may be decreased by raising the regenerator 
temperature. Through operating experience it has 
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been determined that the regenerators of commercial 
plants can be operated satisfactorily in the range 
from 1100 to 1150° F. All early regeneration was 
carried out at 1050 to 1075° F. A typical example 
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FIGURE 2 
Downflow plant stripper 


showing the effect of an increase in regeneration 
temperature on catalyst-to-oil ratio and carbon yields 
follows : 





Regenerator Temperature, °F.. EO eT a Pee 1050 1150 
Reactor Temperature, °F... . . ae hukehtee ita ceioale 950 950 
Oil Preheat Temperature, °F.. dsb uatuahetelbchabavetna 430 560 
ann son ond cccud inn weebasknbeen aries 23 10 
Conversion, Volume percent. ES) eee ‘ 62 62 
Carbon on Feed, Weight, percent.....................--.05- 6.2 53 








Under conditions of operations in which regenerat- 
ing capacity is limiting, as is frequently the case, it 
is evident, as in the above example, that the fresh- 
feed-charge capacity can be increased 15-20 percent 
by reason of the reduction in carbon yield at the 
lower catalyst-to-oil ratio. It is necessary to supply 
more preheat in the oil feed to maintain the same 
cracking temperature because of the smaller amount 
of carbon burned per unit of feed. 


Increasing Regeneration Capacity 


The above-mentioned increase in regenerator tem- 
perature has increased the efficiency of regeneration 
due to its beneficial effect on burning rate. Also, for 
a given contact time in the regenerator a larger pro- 
portion of the oxygen may be utilized. In early 
operations more excess air was required and the 
oxygen concentration in the flue gases averaged 2.0 
to 3.0 percent. High temperatures have brought this 
value down to about half the former amount, result- 
ing in higher carbon-burning capacity. 

However, other important factors have entered into 
the improvement of regeneration capacity. Pilot-plant 
test data had shown that catalyst entrainment in flue 
gases rising from the dense bed increased rapidly 
when normal gas velocity was exceeded. However, 
further increase in burning capacity without increase 
in gas velocity can be obtained by increasing the 
regenerator pressure. 

The following tabulation of calculated figures 
shows how regeneration capacity can be increased by 
the means discussed above. 

Thus a gain in carbon-burning capacity of 30 per- 
cent is attainable in the above example. The values 











Regeneration Pressure REE es? Pe Bee re ears 0.5 5.0 
Regenerator Temperature, °F... . . iatemievatten aptiha os 1050 1125 
Rate, SCFM......... oe tet Re ute et kote 45,000 55,000 

in Flue Gas, Volume percent (Dry).................. 2.4 1.2 
Burning Capacity, Lb./Hour.....................00. 13,000 16,900 

















TABLE 1 
Humble Oil and Refining Company Downfiow Fluid Cracking Unit 
Aviation Gasoline Operation 
Operating Data 
A . June, 
1944 1945 
Regeneration Conditions: 
esl, ic cin:k Muhsin vic icim Jed kk kbeg eigen 1.8 5.0 
WUE Ge hoes Gnade schs ccadhoeovceeuereee 1055 1125 
Air Blower Disc Tee rere ee 14.0 11.8 
I oon wna wad betus soans ph UmAT 45,700 54,800 
Oxygen in Flue Gas, Volume percent (dry)................. 2.4 1.2 
Reactor Conditions: 
, 8 cae ee MOET RIER Dee RL aie 10.0 17.5 
pS REE See ae eee 954 948 
ON Sere tee 20.8 10.7, 
Oil Preheat Temperature, °F............ 0.60.20 cece eeeeee 390 543 
Gasoil Conversion, Volume percent.....................005 62.1 61.5 
Total Reactor Steam, Ib./hour.................-....--000: 17,200 9,500 | 
Coates: 
ED, 2... vashae pid ob waeee cs cae 13,110 18,800 
cg ON ee tir ere) Oe 16,400 28,000 











presented above were estimated on the basis of no 
change in hydrogen-to-carbon ratio in the coke car- 
ried to the regenerator. However, the improved strip- 
per reduces the ratio such that an additional gain of 
15-20 percent in carbon-burning capacity is possible 
due to the fact that less oxygen is diverted to the 
combustion of hydrogen. 

Except for the stripper improvements only minor 
equipment changes, such as rearrangement of frac- 
tionator-bottoms heat exchangers in boiler and feed- 
preheat service, are required to take care of the in- 
creased capacity, Increases in velocity in the reactor 
and fractionator tower are avoided by raising the 
pressure on this equipment. 


Representative Plant Data 


A concerete illustration of the results obtainable by 
the methods discussed above is available in operating 
data from the downflow Fluid catalyst plant of Hum- 
ble Oil & Refining Company. Table 1 shows the 
operating data from this plant for August, 1944, and 
June, 1945. These are typical periods representing 
operation before and after installation of the im- 
proved stripper. On the regeneration side (a) the re- 
generator pressure has been increased from 1.8 to 5.0 
psig, (b) the temperature from 1055° F. to 1125° F., 
(c) the blower discharge pressure lowered from 14.0 
to 11.8 psig and (d) the oxygen concentration in the 
flue gas has decreased from 2.4 to 1.2 percent: The 
resulting increase in air rate and in oxygen utiliza- 
tion, combined with the effect of the improved strip- 
per on hydrogen content of the coke, made possible a 
43 percent increase in carbon-burning capacity, that 
is, from 13,110 to 18,800 pounds per hour. 

On the reactor side it will be observed that, (a) 
although there is little difference in catalytic gasoil 
conversion between the two sets of data, the im- 
proved stripper aided by a decrease in catalyst-to-oil 
ratio reduced the carbon yield from 6.4 percent to 5.4 
percent, (b) the reactor temperature was maintained 
approximately constant by reason of the higher oil- 
inlet temperature and (c) the reactor gas velocity was 
kept at a reasonable level by an increase in pressure 
from 10 to 17.5 psig and also by a decrease in process 
steam. Thus it was possible to increase the plant feed 
capacity from 16,400 to 28,000 barrels daily with little 
change in the proportion of the gasoil cracked to 
lighter products. 

Table 2 shows the yields obtained. The improved 
product distribution shown by the recent data may 
be partly due to the lower amount of steam used. It 
has been found that steam affects some of the light 
hydrocarbon yields. Thus less dry gas and butanes 
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are formed, and a larger proportion of the cracked 
— are found in the motor gasoline range. 

owever, a small part of the increased gasoline yield 
is due to a higher (4.0 percent vs. 2.0 percent) 
naphtha concentration in the feed. 

n Table 2 there are also summarized the produc- 
tion rates and octane numbers of 10-pound catalytically 
cracked gasoline and also of 10-pound motor gasoline 
based on non-selective polymerization of all recover- 
able propylene and butylenes and pressuring of the 
gasoline with catalytic butanes. It will be observed 
that the production of gasoline has increased 82 per- 
cent with little or no loss of quality. Also, in spite of 


TABLE 2 


Humble Oil and Refining Company Downflow Fluid Cracking Unit 
Aviation Gasoline Operation 
Yield and Quality of Products 

















August, June. 
1944 1945 
Feed Rate, B/SD. : 16,400 28,000 
Gravity, °API. Rs 30.2 29.9 
Mid as Point, °F... ; 625 623 
Yields, Based on Feed: 
Dry Gas, Weight, percent. 12.0 10.4 
Total C4, Volume, percent. . . 17.7 15.6 
Butylenes - 8.2 8.0 
Cs—430 °F. VT*.. 34.4 38.9 
Mt taed saw dds « ; 37.1 37.0 
Carbon, Maer reent. . 6.4 5.4 
10# Cat. Cracked Motor Gasoline: 
Yield, Volume percent of Feed... 36.2 40.8 
SE cunt ah adres o< 5940 11,400 
M Octane No., Clear. . 81.6 81.5 
CFR—R Octane No., Clear. .... 95.2 95.0 
10# Cat. Cr. Gaso. Plus Ye 
Yield, Volume, percent of Feed } 46.8 49.9 
EE ssn cens | 7670 «=| ~=«14,000 
ASTM Octane No., Clear 82.0 81.8 
Plus 1.5cc TEL........ | 85.4 | 85.3 
CFR—R Octane No., Clear. . 96.3 96.1 
Plus 1.5cc TEL........ ; | 99.5 | 99.3 
Excess Butanes, Volume, percent of Feed 6.4 4.3 
B/SD...... | 1050 1200 








* Equivalent to debutanized 400° E.P. naphtha. 


TABLE 3 


Expanded Piant Capacity Compared with Previous Operations 
Operating Conditions 





























! 
August, June. Expanded 
1944 1945 Operation 
Regenerator Conditions: 
op Pressure, Psig... 1.5 5.0 12.5 
Temperature, °F...... 1055 1125 1100 
Blower Discharge Pressure, psig. . . 14.0 11.8 22 
Total Air Rate, SCFM......... al 45,700 54,800 72,500 
m Conc. in Flue Gas, Vol. percent (dry) 2.4 1.2 2.0 
Reactor Conditions: 
Top Pressure, Psig............... ; hia 10.0 17.5 22 
Temperature, °F...... pa hes he 954 948 950 
Catalyst-to-Oil Ratio. . .. en 20.8 10.7 9.5 
Oil Preheat Temperature, °F. 390 543 675 
Gasoil Conversion, Volume, percent....... 62.1 61.5 50 
Cepeetiens 
Xarbon Burned, lb./hr. . en aad 13,101 18,800 22,500 
Oil Feed Rate, B/SD. . . 16,400 28,000 42,000 
TABLE 4 


Expanded Plant Capacity Compared with Previous Operations 


Yield and Quality of Products 








August, June, Expanded 
1944 1945 Operation 
Feed Rate, B/SD....... 16,400 28,000 42,000 
Yields, Based on Feed: 
Dry Gas, Weight, percent. . 12.0 10.4 7.2 
Total C4, Volume, percent. ; 17.7 15.6 10.2 
=" |. BeRRRRRnneNee ‘a 38.9 36.5 
ae wing SS sik Goad a a 48.0 
eight, mt... 4 4 4.1 
10# RVP Cat. Cracked Motor Gasoline: 
Yield, Volume, percent.............. 36.2 40.8 38 
CA bo kine beak Fhe stud 5940 11,400 16,100 
M Octane No., Clear. :....... 81.6 81.5 81. 
CFR—R Octane No., Clear. ... , 95.2 95.0 94.6 
10# 4he Cr. Gasoline Plus Polymer: so ae aon 
hid Bn os b00000 08 7670 14,000 19,030 
M Octane No., Clear.......... 82.0 81.8 81.5 
IS os Sake ccc ns v vases 85.4 85.3 85.0 
R—R Octane No., Clear..... 96.3 96.1 95.5 
eS ceive cna coach aces 99.5 99.3 99.0 
B Volume, percent of Feed 6.4 43 0 
eh is a's cdbac hae cosas 1050 1200 0 
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the lower yield of butanes in the recent operation, 
the volume of excess butane available after pressur- 
ing the gasoline mixture is slightly greater than that 
for the early operation. 


Capacity Ultimately Attainable 

In the mechanical design for the first commercial 
Fluid catalytic cracking plants it was necessary to 
make allowance for the possible effects of high tem- 
peratures and erosion on the life of the vessels and 
lines. Since experience has shown that the high tem- 
peratures and erosion can be easily controlled within 
limits which make the original allowances conserva- 
tive, it is possible to take advantage of this over- 
design by operation at even more severe conditions { 
than is presently done. 

In these plants the mechanical strength of the ou 





regenerator limits the system pressure which can be en 
used. Therefore the ultimate capacity of the plant is of 
set by the amount of air which can be utilized at ait 
normal gas velocity in the top of the regenerator at ne 
this limiting pressure. In these figures we have taken fee 
12.5 psig as the maximum pressure obtainable, al- an 
though preliminary investigations now indicate that bo 
further increase may be possible. Table 3 shows the fac 
estimated plant capacity based on the 12.5 psig re- floc 
generator top pressure. Under these conditions the A 
carbon-burning capacity is increased about 20 per- sci 


cent above that attainable with a 5.0 psig regenerator 
pressure and is over 70 percent higher than the of 
design value. wil 


Although the yields are estimated for motor gaso- siz 


line operation, that is, at 50 percent conversion, and hea 
are not strictly comparable with the previous data I 
quoted above, which were at higher conversions pri- ma 
marily for production of aviation gasoline compo- the: 
nents, a comparison is made in Table 4 with the data eva 


of the low and high capacity runs at the Humble J titi 
plant. It will be observed that there is a further pos- 
sible increase in feed capacity to 42,000 barrels daily. 


The daily motor gasoline plus polymer production is T 
increased 152 percent and 38 percent above those of gen 
the low and high feed rate cases, respectively. brat 

Due to the less severe conditions which are opti- thre 
mum for motor-gasoline production, a lower butanes and 
yield is obtained and all of it is needed for pressuring in t 
the gasoline. Also, the octane numbers of the result- the 
ing blends are slightly lower than those from the F 
higher conversion operations. arra 

To attain these expanded capacities some changes havi 
must be made in certain parts of the equipment. The In o 


most important of these are the installation of new J figu 
air compression equipment, spent catalyst stripper § The 
alterations, reinforcing of catalyst-recovery equip § cher 
ment, installation of a preheat furnace, and increas of n 
ing the exchanger surface and pumping facilities in B 4 g 
the fractionation section. However, the cost of these @ "esp 
changes is relatively small when expressed as dollars whic 
per barrel of incremental feed capacity. This figure @ ™ a 
is estimated to be less than $100 per barrel daily of these 
charge stock. N 

It is believed that further improvement in Fluid § the | 
operation are possible. Additional studies are being @ ‘ons, 
carried out to determine the factors which affect @ Siver 






stripping and carbon deposition. That improvements @ eu. 
in carbon-conversion relationship are possible in com @ Prot 
mercial plants has been indicated by the results defin 
pilot-plant tests. The results of these and othet there 
studies should add to the advantages of the use of Point 
Fluid catalytic cracking in the refining of petroleum @ Out . 
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Paper presented before a General Session of Ameri- 
can Petroleum Institute, Chicago, November 15, 1945 


Petroleum vs. Plutonium 


CLARK GOODMAN, Massachusetts Institute of Technology 


‘ae familiar saying “a little knowledge is a danger- 
ous thing” is particularly apropos in the case of atomic 
energy. Following President Truman’s announcement 
of the bombing of Hiroshima on August 6, 1945, the 
air was filled with radio reports. Virtually every 
newspaper and magazine in the country followed with 
feature articles on atomic power. These are continuing 


and, in addition, we are being exposed to a plague of. 


books on the subject. In the sweep of publicity, the 
facts have often been ignored or hidden beneath a 
flood of over-enthusiastic extrapolation and speculation. 
A typical example is the prediction of a well known 
science editor and Pulitzer prize winner that in the 
“atomic age” ahead “instead of filling the gasoline tank 
of your automobile two or three times a week, you 
will travel for a year on a pellet of atomic enegry the 
size of a vitamin pill. That same pill will be enough to 
heat your house for the winter.” 

It seems particularly timely that a factual report be 
made to the petroleum industry. Only on the basis of 
these facts can anything approaching an accurate 
evaluation be made of the present and future compe- 
tition to petroleum of this new source of energy. 


Fundamental Principles 


The study of atomic energy constitutes part of the 
general field of nuclear physics. In this, as in all 
branches of science, the principles involved are described 
through a specialized terminology. Unfamiliar words 
and symbols often cloak familiar ideas. The first step 
in the understanding of atomic energy is a definition of 
the specialized words and symbols used. 

Figure 1 is only one of the various possible systematic 
arrangements of the elements that occur in nature or 
have recently been produced. The elements are arranged 
in order of increasing atomic number, indicated by the 
figure immediately below the symbol of each element. 
The letter Z will be used to represent this number. In 
chemistry Z generally is considered to be the number 
of negatively charged electrons contained in an atom of 
a given element. The periodicity of the table cor- 
responds to a periodicity in the chemical properties 
which is the result of the arrangement of the electrons 
in atomic shells or groups. Specialists in X-rays call 
these K, L, M, etc., shells. 


Nuclear physicists think of the atomic number Z as 
the number of positively charged particles, called pro- 
tons, contained in the core or nucleus of an atom of a 
given element. As all atoms are normally electrically 
neutral, the number of electrons equals the number of 
Protons, and its makes no difference which of the two 
definitions is adopted for the atomic number. However, 
there is one important distinction between these two 
points of view. Atoms may gain or lose electrons with- 
out changing their atomic number and, hence, their 


position in the periodic table: but a change in the 
number of protons means a change in the atomic number 
which, of course, shifts the position of the atom in -the 
periodic table. This shift results in a corresponding 
modification of the chemical properties of the atom; i.e., 
it is an atom of a different element. An example may 
help in understanding this difference. 


Mercury, Hg, is of atomic number 80; every mercury atom 
contains 80 protons in its nucleus, and normally there are 80 
electrons surrounding the nucleus. One or more of these elec- 
trons can be stripped off without changing the atoms to those 
of neighboring elements. In fact, the ultra-violet light from a 
mercury-arc sun lamp results from just these changes in the 
mercury atoms. However, if one of the protons in a mercury 
atom is removed, the result is an atom of atomic number 79, 
which is gold, Au. Such transmutations of elements take place 
in very limited amounts in atom smashers such as the cyclotron, 
betatron, and the linear resonance accelerator, but the economics 
are highly favorable toward mining the metal. In fact, it is 
cheaper to produce gold from platinum (Z=78) than from 
mercury by atomic methods. 


A second important number in the periodic table is 
the atomic weight, listed just above the chemical sym- 
bol. For convenience, oxygen has been selected as the 
standard and arbitrarily assigned the exact chemical 
atomic weight 16.0000. The symbol A will be used for 
atomic weight. On this scale the lightest and simplest 
of elements, hydrogen, has an atomic weight of 1.0080. 
As Z==1, hydrogen must contain only one proton in its 
nucleus. The single electron that swirls about this 
nucleus has a weight of only about 0.0005 units. Thus 
hydrogen nuclei are the charged particles, protons, that 
constitute building blocks in all nuclei, and the relative 
weight of each of these elementary particles before in- 
corporation in such nuclei is 1.0075, i.e., slightly greater 
than 1. 


The interlocking particles that bind the protons to- 
gether, and prevent their flying apart by electrostatic re- 
pulsion, are electrically neutral, and for this reason are 
called neutrons. They have an atomic number zero and, 
relative to oxygen, a weight of 1.0087, as shown in 
Figure 1. All nuclei are considered to be made up of 
neutrons and protons only. However, for a given ele- 
ment, i.e., a given Z, the number of neutrons present 
may vary somewhat. This variation, of course, results 
in different weights for the individual atoms of the 
element, even though they all have the same number of 
protons. The name ‘isotope” is given to such modifica- 
tions of the same element. Even hydrogen is not simple. 
Common hydrogen, referred to above, has a single 
proton in its nucleus, but there is a rare form of hydro- 
gen that has both a proton and a neutron in its nucleus. 
For obvious reasons, this is called heavy hydrogen (or 
deuterium), and water containing an unusually high 
proportion of this hydrogen is called heavy water. Car- 
bon consists of two isotopes: common carbon, with 6 
protons and 6 neutrons, and a rare form containing 6 
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protons and 7 neutrons. As we shall have occasion to 
note later, uranium consists of 3 isotopes, a common 
form with 92 protons and 146 neutrons known as U**, 
a rare variety with 92 protons and 143 neutrons known 
as U**®, and a very rare form with 92 protons and 142 
neutrons known alternately as U***, or UII. Many 
elements, particularly those with odd Z, have only one 


The subscripts (1 for hydrogen, 0 for the neutron, 
and 2 for helium) are the corresponding atomic num- 
bers or electric charge (-++ being understood unless 
otherwise designated). The superscripts are the nuclear 
atomic weights. Two fundamental axioms in physics 
require that the sum of the subscripts (charges) on 
the left must equal the sum on the right, and the sum 
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The symbols for the elements have been arranged in one of the conventional forms of the periodic table. The 
atomic number, immediately below the symbol, indicates the number of protons in the nucleus, or the number of elec- 
trons surrounding the nucleus in the normal atomic state. The chemical atomic weight listed immediately above the 
symbol is the international value as of 1945, based on oxygen as 16.0000. 


FIGURE 1 
Periodic Table of the Elements. 


isotope, whereas others have many different forms. Fig- 
ure 2 is a schematic representation of all the different 
isotopic forms found in nature. Tin seems to hold the 
record with 10 isotopes. Naturally with so many dif- 
ferent isotopes present in various abundances, the aver- 
age weight of a given element would not be expected to 
be a simple multiple of the weights to the constituent 
particles, the proton and the neutron. However, there is 
-an additional explanation for the observed values of 
the atomic weights. The weight of an aggregation of 
neutrons and protons is always less than the sum of the 
weights of the separate particles. For example, the weight 
of 2 protons and 2 neutrons is 21.0075+-21.0087—= 
4.0324, whereas the weight of helium (less 2 electrons) 
is seen from Figure 1 to be 4.0029. This decrease of 
about 0.03 weight units takes place when the 4 constitu- 
ent particles coalesce to form the helium nucleus. The 
nuclear reaction that expresses this fact can be written 
symbolically as: 

2,H*"+-2.n*""—, He*””-+-0.03 atomic-weight unit (1) 


102 
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of the weights on the left must equal the sum on the 
right. The coefficients in front of the symbols must, 
of course, be included in these considerations. In the 
foregoing equation 0.03 atomic-weight unit must appeat 
on the right to balance the weight of the left. 


The Sources of Atomic Energy 


Einstein postulated, and ample experimental evidence 
has since proved, that weight (or, more exactly, mass) 
and energy are equivalent and related by the simple 
expression : 

Energy = constant X mass . , @ 
The proportionality constant in this relationship 1s $0 
large that one pound of matter is equivalent to 39X10" 
Btu (i.e., 39 million million Btu). In terms of the fore- 
going equation, the production of a pound of helium 
from hydrogen-+-neutrons would liberate 29<10*° Btu 
of heat energy. Alternately it would require the ex 
penditure of this prodigious amount of energy to break 
one pound of helium into hydrogen and neutrons; 1.¢. 
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the helium nuclei are bound together with this amount 
of energy. 

A simplified method of presenting this relationship 
is to rewrite the foregoing process as an exothermic 
equation similar to familiar chemical reactions : 


2,H’+2.n*—:He*+65 X 10° kcal per mole (29 10” Btu per Ib He) 
(3) 


The superscripts have been rounded off to integers for 
convenience, although it is understood that the exact 
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value in each case is that given in Figure 1 less than 
weights of the atomic electrons. 

For comparison, the molecular reaction: 

2H:+0:—2H:0+68 kcal per mole (4) 
produces only about one ten-millionth as much heat. 
The corresponding mass decrease in this reaction is 
only 3.15<10 gram, which is undetectable by any known 
method of measurement. 

The formation of helium from elementary particles 
symbolized above does not take place on the earth, be- 
cause it requires very high temperatures. However, this 
reaction is believed to account for the tremendous ther- 
mal productivity of the sun, and takes place in six 
steps involving carbon and nitrogen as nuclear catalysts. 
A graphical representation of the relative binding ener- 
gies of all known nuclei is given in Figure 3. the binding 
energy per nuclear particle B/A is plotted against the 
atomic weight 4 for all known nuclei from hydrogen 
A=1 to heavy nuclei of A= 240. Smooth average 
curves have been drawn, although there are some sys- 
tematic variations from these, especially for low values 
of A where the main grouping of nuclei divides into 
two branches, with helium lying at the end of the upper 
branch and hydrogen at the end of the lower branch. 
As we have already seen, the binding energy of helium 
nuclei is much greater than that of hydrogen nuclei and 
neutrons separately. Hence the B/A for He lies’ well 
above that of H. The significance of the curve now be- 
comes evident. Transformations which result in changes 
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eaetey below which fission does not occur. Although 
nearly all of the heavy elements have been tested, fission 
apparently is appreciable only in those elements above 
about 210 in atomic weight. Of these elements only 
uranium and thorium occur in appreciable quantities 
in terrestrial materials. Their presence indicates that 
uranium and thorium must be relatively stable, other- 
wise they would have long since disappeared during 
the 31 billion years since this planet was formed. 


Radioactivity 


As shown in Figure 2, uranium and thorium are not 
completely stable, but undergo spontaneous transforma- 
tions that result in elements of lower atomic weights. 
Radioactivity is the term used to describe these changes. 
In Figure 3 the small shift from A == 238 to A = 206 
for the uranium series, and from A = 232 to A = 208 
for the thorium series, releases sufficient energy to 
account for all the internal-heat flux of the earth. As 
part of the American Petroleum Institute Project 43, a 
study is being made to determine whether this energy 
has also been a factor in the genesis of petroleum. 
However, the present discussion is only indirectly re- 
lated to this project. The alpha (,He*), beta (-,e°), 
and gamma (Y, electromagnetic radiation) rays emitted 
by the uranium series and the thorium series may have 
modified organic source materials in sediments to pro- 
duce petroleum. 

The emission of these radiations by an individual 
atom occurs in an extremely short time. However, 
the likelihood that one of these rapid changes will take 
place is quite small. For this reason an aggregate of 
uranium or thorium atoms requires several billion years 
to decrease in number by 50 percent. Hence the heat 
generation within the earth is slow even in terms of 
geologic time. 

The emission of an alpha ray by radioactive decay 
is similar to nuclear fission in that both processes re- 
sult in the splitting of a nucleus into two parts, forming 
two new nuclei. However, these related phenomena 
differ in a number of important respects. 


Nuclear Fission 

In the first place, radioactive decay is spontaneous, 
and not susceptible to any control. On the other hand, 
to produce fissions it is necessary to strike the nucleus 
with a particle or with radiation. There are a number 
of such nuclear detonators, but neutrons are by far the 
most effective. The absence of electric charge (Z = (0) 
enables these particles to penetrate easily ; whereas pro- 
tons, deuterons, and alphas—being positively charged— 
are strongly repelled by the large electrostatic fields of 
heavy nuclei. 

The probability of a neutron-producing fission in a 
uranium or thorium nucleus is dependent upon a num- 
ber of factors, not the least in importance being the 
velocity of the neutron. In fact, the less abundant iso- 
tope® ,.U*** is very infrequently split by other than 
relatively slowly moving neutrons, the probability of 
fission being inversely proportional to the velocity of 
the neutrons. Such low-velocity neutrons are called 
“thermal neutrons,” because they move at the speed of 
molecules in a gas at room temperature. On the other 
hand, thorium nuclei (,,Th**? only) and. ,,U*** nuclei 


undergo fission under neutron bombardment only when 
the neutrons have high energies, called “fast neutrons.” 
With slow and intermediate-velocity neutrons the fol- 
lowing transformations occur : 
oTh™-+4-.n' (slow) >»Th™+y (5) 
aUJ™-+-,n' (slow and 
intermediate ) 


n+ (6) 
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The product nuclei do not undergo fission, but are less 
stable than the original nuclei, being beta-radioactive 
with half lives of 26 and 23 minutes, respectively. 

The action of fast neutrons on ,.Th**? and ,,U**, and 
of slow neutrons on ,,U**, results in fission into 2 
slightly unequal nuclei. The process is highly exothermic 
and considerably more complex than any of the forego- 
ing reactions. One possible sequence for ,.U?** will serve 
to illustrate the nature of the changes involved: 


wJ™-+-on* (slow) 2U™—ssBa+sxKr+2.n'+HEAT 


This reaction occurs almost instantaneously and hence, 
is explosive in character. The fission products, ,,Ba 
and ,,Kr, fly apart with tremendous velocities. Because 
these nuclei contain too many neutrons to be stable,’ 
several beta-disintegrations and possibly a _ neutron- 
decay are necessary before stable nuclei are formed. 
These secondary changes occur relatively slowly, and 
are accompanied by the evolution of about one-fourth 
as much heat as the fission reaction. 


Properties of Plutonium 


In the preceding section it was mentioned that slow- 
and intermediate-velocity neutrons on ,,U*** produce a 
beta-radioactive isotope ,,.U***. The decay of this sub- 
stance results in the formation of a new element of 
atomic number 93, called neptunium (,,Np***). Nep- 
tunium, in turn, emits another beta particle, becoming 
plutonium* (,,Pu***), which emits an alpha particle, 
thus decaying to ,,U***, but so slowly that in effect it is 
a stable element. 

Plutonium is fissionable with slow neutrons; hence 
is equivalent to U*** in this regard. By reference to 
Figure 1, it is seen that plutonium might be expected 
to have similar chemical properties to osmium. On the 
contrary, it is now known that plutonium is more like 
uranium, and may be regarded as the second member 
of a new rare-earth series which begins with uranium. 
However, plutonium is sufficiently different from its 
progenitor, U**’, that is can be separated from uranium 
by chemical methods. The importance of this fact 1s 
made clear in a subsequent section. 


Sources of Neutrons 


At first it might appear that only prerequisites 
for the release of atomic energy by fission are a source 
of neutrons and some uranium, thorium, or plutonium. 
Fundamentally, this is true. However, the amount ol 
energy released by simply bombarding these elements 
with neutrons is far less than the energy required to 
produce the neutrons. Thus far nothing has been said 
concerning the sources of neutrons. These uncharged 
nuclear particles are produced either by fissions or by 
the collision of nuclei at high velocities. There is 4 
small neutron component in cosmic radiation, but much 
greater intensities are produced by bombarding certain 
light elements (for example, beryllium) with alpha 
particles, deutrons, or protons. Radon or radium mixed 
with beryllium provides a compact source of neutrons.’ 
It was by means of neutrons from such sources that 
fission was initially produced and studied, Deuterons 
or protons accelerated to a }:igh velocity in a cyclotron 
can produce even more intense sources of neutrons. 

However, enormously greater intensities are required 
to release significant amounts of atomic energy. As 
indicated in equations (7) and (9), neutrons are re 
leased by the fission process itself. Under proper con- 
ditions, these secondary neutrons produce further fis- 
sions which release more neutrons to produce still more 
fissions, and so on. If the number of these self-induced 
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fissions exceeds even by a minute amount the number 
produced by the initial neutrons, this avalanche-like 
reaction results. The propagation of the reaction is 
extraordinarily rapid. For this reason, unless carefully 
controlled, such reactions are violently explosive. If 
an explosion is desired, the initiation of the reaction, 
of course, must be delayed until the correct moment. 
The critical condition under which a self-sustained 
chain reaction occurs constitutes the crux of atomic 
energy as known today. 


Critical Size 
In the official U. S. government publication, the now 


famous Smyth report,® this condition is summarized 
as follows: 


second method of decreasing the loss of neutrons by 
escape is the use of a reflector ere the material. 
Heavy elements serve as reflectors of fast neutrons, 
for the relatively light neutron bounces off a heavy 
nucleus with very little change in speed. If reflection 
with a substantial decrease in velocity is desired, light- 
weight elements, called “moderators,” are used. 

The loss of neutrons by non-fission capture is equally 
important in determining the critical size. The likeli- 
hood that a given nucleus will capture a neutron is 
represented by a term, known as the “capture cross- 
section.” This quantity is analogous to the area of the 
bull’s eye in a target. The capture cross-section not only 
varies enormously from element to element, but also 
from isotope to isotope, for a given element. In addition, 
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Nuclear transformations that result in a change from a lower value of B/A to a higher value are exothermic. 
The upper branch in the curve at low values of A results from the greater binding energy of nuclei containing ‘an 
integral multiple of alpha particles (two protons plus two neutrons), such as »He’, «C’, and ,;O". The general rise in 
the center of the curve is attributable to the somewhat greater binding energy per particle of medium-weight nuclei, 
as compared to light or heavy nuclei. The source of solar énergy is considered to be the nuclear transformation of 
hydrogen to helium at the high tentperature and pressure within the sun. The energy released by the heavy, naturally 
radioactive elements uranium and thorium corresponds to the relatively small change indicated on the right. The re- 
lease of fission energy by elements of atomic number greater than 210 corresponds to a decrease in A, such as uranium 


FIGURE 3 
Approximate Relation Between the Binding Energy Per Particle B/A and the Atomic Weight A of Nuclei. 


splitting into fission products barium and krypton. 


“The question of whether a chain reaction does or does 
not go depends on the result of a competition among four 
processes: 

(1) escape of neutrons 

(2) non-fission capture of ncutrons 
(3) non-fission capture by impurities 
(4) fission capture. 


If the loss of neutrons by the first three processes is less 
than the surplus produced by the fourth, the chain reaction 
occurs; otherwise, it does not.” 


Two methods can be used to limit the escape of neu- 
trons. The first is to enlarge the amount of active 
material to the point where the bulk of the neutrons 
produced is captured within the mass of the fissionable 
material itself. This procedure establishes a critical 
size above which the chain reaction takes place.’ The 
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as we have seen in the case of uranium, the capture 
cross-section is also strongly dependent upon the velocity 
of the neutrons. Certain elements, such as boron and 
cadmium, are very accessible to neutrons and behave 
like neutron sponges, because they so readily “soak up” 
neutrons. Most elements possess this characteristic to 
a considerably smaller degree. For example, nitrogen 
iron, nickel, and ‘vanadium have moderate capture 
cross-sections; whereas beryllium, magnesium, carbon, 
aluminum, zinc, tin, bismuth, and lead have very small 
capture cross-sections for neutrons. In establishing 
the critical size for the chain reaction, it is necessary 
that even minute traces of cadmium and boron be 
eliminated and that only traces of the medium cross- 
section elements be present. All essential structural 
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materials must contain only elements with small capture 
cross-sections. 

Because uranium and thorium ores are inevitably as- 
sociated with elements of large or medium cross-section, 
a self-sustained reaction is impossible, regardless of the 
size of the ore deposit. In addition, because of the large 
proportion of U*** in ordinary uranium, the non-fission 
capture of neutrons by U*** predominates over the fis- 
sion capture by U*** and U***, even in a very large 
mass of this material. Hence, not only are. uranium 
ores stable to fission, but even pure uranium metal does 
not undergo spontaneous fission in bulk. An important 
exception to this conclusion is discussed in the following 
section. 


Production of Fissionable Materials 


In the foregoing, thorium has been included with 
uranium as a source material. Because of the suscepti- 
bility of U*** to slow neutrons and the possibility of 
producing plutonium from U***, the major effort of the 
Manhattan project centered on the direct or indirect 
use of uranium. No information has been released 
concerning chain reactions of thorium. Hence, this 
element will not be considered further, although thorium 
certainly constitutes a potential source of atomic energy. 

A large part of the efforts of the project was devoted 
to the difficult task of separating the isotopes of 
uranium. U*** and U** are essentially identical in chemi- 
cal properties ; hence, they are separable only by proc- 
esses depending on the small (1.3 percent) difference 
in atomic weight. 

Four large-scale physical methods have been used to 
produce U*** for atomic bombs (see Figure 4). Several 
other methods offer promise, but have not progressed 
beyond the laboratory stage. 

The rate of diffusion of a gas through an ideal porous 
barrier is inversely proportional to the square root 
of its molecular weight; hence, molecules containing 
U*** diffuse slightly faster than similar molecules con- 
taining U***. To obtain a practical degree of separation, 
a large number of successive stages, known as a “cas- 
cade,” must be used. In certain aspects the procedure 
is analogous to fhe separation of closely boiling liquids 
by fractionation, the number of theoretical plates in a 
fractionating column being similar to the number of 
stages in a cascade. However, the arrangement of stages 
is more complicated and the amount of recycling is much 
greater in the diffusion process. For an actual uranium- 
separation plant, it may be necessary to force through 
the barriers of the stage 100,000 times the volume of 
gas that comes out of the top of the cascade. Another 
complication is that uranium hexafluoride, the likely 
process compound, is highly reactive and corrosive at 
the temperature of vaporization. The final plant at 
Clinton Engineer Works in Tennessee, put in successful 
operation early in 1945, contained acres of barrier and 
thousands of pumps. It represents an achievement 
comparable in magnitude to the large-scale production 

.of 100-octane gasoline or of synthetic rubber. 

The application of pseudogravitational forces of large 
magnitude produced in high-speed, cylindrical centri- 
fuges has been used successfully for the enrichment of 
U**> in a gaseous mixture. The rddial force field of 
the centrifuge acts more strongly on the heavy molecules 
than on the light ones. Hence, the concentration of U?** 
near the axis is slightly greater-than in the peripheral 
region. This method offers the advantage of depend- 

_ ing directly on the difference in molecular weights, not 
on the square root of the ratio as in diffusion methods. 
In the thermal-diffusion plant a liquid compound of 
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uranium circulates by convection between two coaxial 
cylinders maintained at different temperatures. Depend- 
ing upon both the molecular weights and on the inter- 
molecular forces, there is a tendency for one type of 
molecule (for example those containing U***) to con- 
centrate in the warm region and the other ‘in the cold 
region. A large-scale thermal-diffusion plant operating 
on this principle was built at the Clinton Engineering 
Works. The amount of heat required to operate this 
plant is sufficient to supply the energy requirements 
of a fair-sized city. The output of urnaium enriched 
in U*** is used as feed stock for the electromagnetic 
method which produces a much more complete separa- 
tion. 

Although a late starter in the race to separate the 
isotopes of uranium, an electromagnetic separator called 
a “calutron” produced the first appreciable-sized samples 
of pure U***, The principle involved is identical with 
that of the mass spectrographs now finding application 
in the petroleum industry for the analysis of mixtures 
of gaseous hydrocarbons. Molecular ion beams are pro- 
duced by bombarding gaseous uranium compounds with 
electrons and accelerating the resulting charged parti- 
cles to a high velocity in an electric field. The ion beam 
is then split into two parts by passage through an in- 
tense magnetic field. The heavier U?** molecules move 
in a larger circle than the lighter U?** molecules, as 
shown schematically on the right in Figure 4. A number 
of very difficult problems were overcome before a prac- 
tical unit was achieved. The separation plant finally 
constructed consists of a veritable city of calutrons. 

While these developments in the separation of ura- 
nium isotopes were taking place, another compartment 
of the Manhattan project was studying methods of 
producing plutonium. A most ingenious process was 
evolved which not only yields large amounts of this 
fissionable material, but appears as the most likely 
industrial source of atomic energy. It is in the pro- 
duction and utilization of plutonium that petroleum may 
find an atomic competitor. 

The major steps involved in the production of pluto- 
nium are shown schematically in Figure 5. The crude 
source material is pitchblende, carnotite, or some other 
uranium mineral. After mining and milling, the ore 
is concentrated and treated chemically to obtain the 
pure oxide, U,O,. The next step requires the prepara- 
tion of essentially spectroscopically pure uranium metal. 
This very exacting metallurgical work requires con- 
siderable know-how, as do all of the other specialized 
techniques which have been so expeditiously developed 
under the Manhattan project. The metal, of course. 
contains the same proportion of isotopes as the original 
ore: viz., 99.3 percent U** and 0.7 percent U?**. It is 
cast into bars, and is coated with a thin impervious 
layer of very pure aluminum to protect the uranium 
from direct contact with the cooling water. This 
“canned” uranium is then placed in a lattice structure 
made of highly purified graphite. The size of this so- 
called pile is very precisely determined. It contains just 
slightly more uranium than the critical amount re- 
quired to maintain a chain reaction. A simplified ex- 
planation of the operation of the pile is as follows: 

When the pile has been assembled to the proper size, it is 
triggered by stray neutrons from cosmic radiation. These 
produce a few fissions of either U™ or U™, depending on 
whether these initiating neutrons are slow or fast. The sec- 
ondary neutrons resulting from the fissions are fast and, 
hence, cannot produce additional fissions in U™, although 
they may cause fissions in U™. The most probable result, 
however, is that these secondary neutrons will be slowed 
down by collisions to intermediate velocities before produc- 


ing such fissions. Because of the predominance of , most 
of these neutrons are captured to form U™. However, by 
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having pure carbon in the form of graphite alternating with 
the uranium, many of the secondary neutrons are slowed 
down to thermal velocities. Because the capture of neutrons 
by U™ increases inversely with the velocity of the neutrons, 
the probability of producing fissions in U™ is greatly in- 
creased by the use of the graphite moderator. In this way a 
self-sustained chain reaction is produced. 

The neutron flux increases to a very high intensity, enor- 
mously greater than all of the cyclotrons in the world com- 
bined. Several factors limit the extent of this effect. The 
large amount of energy released by fission results in con- 
siderable heating of the pile which, in turn, causes thermal 
expansion. The predetermined size has been so precisely 
established that even a small rise in temperature increases 
the surface and provides an important limiting effect on the 
spontaneous action of the pile. In addition, alloy rods high 
in boron or cadmium are arranged for movement in and out 
of the pile for vernier control. These rods soak up the neu- 
trons because of their large capture cross-section. 


Of course, a large amount of cooling must be provided in 
order to limit the rise in temperature. Special pipes, made 
of elements with small capture cross-sections, provide chan- 
nels for the cooling water. The magnitude of this cooling 
problem can be appreciated from the fact that an appreciable 
rise in temperature of the Columbia River takes place when 


Utilization of Atomic Energy 


The successful developmeht of large-scale sources of 
atomic energy was carried out under the compelling 
stimulus of war. Hence, military applications have 
preceded peacetime utilization. The construction of 
atomic bombs is naturally not public information. How- 
ever, from the foregoing fundamental principles, it is 
evident that the explosive material in an atomic bomb 
consists of separate pieces of U***, plutonium, or other 
fissionable substances—each of which is below the criti- 
cal size. Detonation occurs practically instantoneusly 
when the parts of the bomb are suddenly combined 
into a compact super-critical mass. The explosion pro- 
duces an extremely rapid rise in temperature, the par- 
ticles in violent motion being the nuclear fission frag- 
ments. All immediately surrounding materials are made 
incandescent, thereby producing a blinding flash, far 
more intense than the sun itself. The surrounding air 
is heated to such a degree that a fiery sphere of glowing 
gas rises rapidly from the scene of the explosion, and 
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These diagrams merely illustrate the fundamental principles involved. In each case, the apparatus is intricate, 
and a multiplicity of units is required to achieve a useful amount of separation. 


FIGURE 4 
The Four Most Successful Methods of Separating the Isotopes of Uranium. 


one of the piles is operating at the Hanford plant in Wash- 
ington. The production of a pound of plutonium per day re- 
a energy in the form of heat at the rate of about 1,000,000 
ilowatts. 


When the pile reaches equilibrium, there is steady fission 
of U™ and, to a lesser extent, of U™. The constant flood of 
neutrons within the pile produces -a -contintious tratsmtta- 
tion of U™ through its successive steps to plutonium. At the 
same time that the amount of plutonium in the uranium is 
gradually building up, there is a parallel increase in the fis- 
sion products. These elements of medium atomic weight cap- 
ture neutrons and, after a certain period of time, the con- 
centration of fission products rises to a point where an ap- 
Preciable decrease in efficiency of the pile results. At some 
optimum concentration of plutonium, the bars of uranium 
containing plutonium and fission products are removed. The 
pile and its products are intensely radioactive and, hence, 
extremely dangerous to personnel. For this reason the oper- 
ation of the piel and chemical treatment of the uranium, 
after removal from the pile, must be carried on by remote 
control within air-tight concrete shields several feet in thick- 
ness. Following removal of the fission products, the rela- 
tively small amount of plutonium is separated from the bulk 
of the parent uranium, after which the plutonium is purified. 
his material is then ready for incorporation in an atomic 

mb. 


vents itself and practically all of the active materials 
into the stratosphere. The accompanying pressure wave 
and heat radiation devastates essentially everything with- 
in a radius of several miles. 

From both military and industrial points of view, 
it is important: to realize that. there:are no;.pea-sized 
atomic bombs. Nothing less than the critical size will 
work. Hence, the explosion is one of Hiroshima pro- 
portions, or none at all. It is evident that these super- 
explosives will necessitate revolutionary changes in 
modern warfare. Even more evident is the need for 
international understanding. 

However, the purpose of the present discussion is to 
consider the possible effects of atomic energy on the 
petroleum industry, not on military strategy. The fis- 
sion reaction releases about 32 billion Btu per pownd 
of U*** or plutonium, and the radioactive decay of the 
fission products releases an additional 8 billion Btu. This 
energy is more than a million times the heat of com- 
bustion of a good grade of coal (14,000 Btu per pound) 
or of 100-octane gasoline (22,000 Btu per pound). Yet 
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the enormous amount ot heat produced in the present 
pile is wasted. By means df heat exchangers, it prob- 
ably would be relatively simple to use some of this 
energy for household or other low-temperature heating. 
For obvious reasons, few if any houses or factories 
are located near these piles. In order to utilize such 
heat for industrial purposes, it would be necessary to 


If developments in this field are allowed to flourish 
unhampered by military restrictions and government 
controls, it seems probable that these problems can be 
solved in a reasonably short time, and that atomic 
energy will be available for industrial purposes within 
the next decade. The question will then be: can atomic 
power compete with petroleum, coal, and water power 
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Pure uranium prepared by the successive steps indicated above is coated with pure aluminum and introduced into 
the chain-reacting pile, represented schematically in the center. Cylinders of uranium containing plutonium and fission 
products are removed at intervals from the pile and purified to form plutonium suitable for use as the active in- 
gredient in atomic bombs or in compact sources of atomic energy. The heat now removed by the cooling water may 


find future industrial application. 


FIGURE 5 
The Production of Plutonium. 


operate the pile at temperatures comparable to those of 
modern steam power plants. Apparently, the problems 
involved in this transition are very large. Smyth has 
summed them up in the statement that “the technological 
gap between producing a controlled chain reaction and 
using it is a large-scale power plant is comparable to the 
gap between the discovery of fire and the manufacture 
of a steam locomotive.” Those intimately acquainted 

with the operation of the piles probably know many lim- 
iting factors. The following are among the more obvious 
ones : 

a. The capture of neutrons by U™ would decrease because 
of the increase.in velocity with rise in temperature. 

b. The corrosion of aluminum and other metal parts prob- 
ably increases rapidly with témperature. 

c. Shutdowns are very serious; yet the pile must operate 
not only by remote control, but also without maintenance or 
repair. Operation at higher temperatures would undoubtedly 
increase the number of shutdowns. _ 

d. The thermal conductivity of. uranium and graphite may 
impose major restrictions on the practicable temperatures. 
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on an economic basis? Too many unknows are involved 
to allow other than speculation, but in all likelihood the 
answer will not be clearcut. 

Inasmuch as coal is the most economical fuel for large 
installations, it would appear that natural uranium 
piles may compete with coal, particularly in the genera- 
tion of electric power. The piles could be located near 
the populated ‘areas, but sufficiently remote to prevent 
radiation hazards. The heat released would be used to 
produce steam to drive turbo-electric generators. This 
electric power would actually be a byproduct from the 
production of plutonium and radioactive fission ma- 
terials and the treatment of substances by radiation. As 
in all of these speculations, the economics depend upon 
the demands for and the restrictions on the use of 
fissionable materials. Some of the heat from these large 
piles also might be used to operate thermal or diffusion 
plants for separating U?** from uranium. 

The natural uranium and graphite piles, which may 
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compete with coal, are far too bulky to be used in units 
for mobile power. by using uranium that has been en- 
riched in U?*5, or to which plutonium has been added, 
the size of the pile can be considerably reduced. The 
use of heavy water (deuterium oxide) as a moderator in 
place of graphite also allows substantial reduction in 
size. Although heavy water is more expensive and dif- 
ficult to obtain than graphite, piles containing this 
liquid moderator have been built at Chalk River, On- 
tario, and at the Argonne site near Chicago. 


With the decrease in size of power units, the com- 
petition with petroleum would probably begin in re- 
placing fuel oil in large transports and naval vessels. 
Full speed ahead would be achieved by pulling out the 
cadmium “throttle.” A distinct advantage for naval 
vessels would be that “refueling” would be infrequent. 
An additional consideration would be that the atomic 
fuel is non-flammable. Shielding would be a major 
problem, and would add considerably to the weight and 
size of the units. Such applications of atomic energy 
might be entirely ruled out on this basis alone. 

Pure U*** and plutonium in excess of the critical sizes 
can be assembled—provided cadmium, boron, or some 
other neutron absorber is present in sufficient amount 
to prevent the chain reaction. If the absorber were 
gradually removed until the critical point is reached, a 
controlled release of energy from a very compact 
source might be possible. However, with pure U** 
or plutonium, this procedure would be extremely sensi- 
tive—a slight movement of the absorber might result 
in a violent explosion. For this reason, compact units 
will probably use a mixture of U*** and U**, containing 
not more than about 20 percent of the lighter isotope 
and some moderator in order to obtain a safe degree 
of controllability. Even more problems than arise with 
the larger units must be solved before diminutive atomic 
engines will be possible. For military purposes such 
engines might supply the power for guided missiles or 
robot planes. In order to compete seriously with diesel 
oil and gasoline, atomic engines must be adaptable to 
trains, trucks, planes, and automobiles. For these pur- 
poses the shielding problem would be most acute. The 
compactness gained in using atomic fuel might be more 
than offset by the large amount of shielding required. 
Of course, all of these considerations have been limited 
to the source of atomic energy now known; i.e., to 
nuclear fission of heavy elements. It will be recalled that 
the consolidation of light elements into medium-weight 
elements releases comparable amounts of energy. Al- 
though such nuclear syntheses have never been accom- 
plished on a large scale, they have been achieved in 
minute amounts in the laboratory. If future research 
extends the range of available atomic energy to include 
the light elements, many of the foregoing limitations 


may be removed. In addition, these light elements would. 


probably be far more plentiful than the relatively scarce 
fissionable elements, uranium and thorium. 

Within the bounds of available information, it would 
appear that petroleum and coal will probably continue 
tor at least another generation as the primary sources 
of energy for transpartation and heating. Water power 
and coal will probably generate most of the electricity 
during the next 50 years. Although atomic energy may 
gradually enter as a competitor, its most extensive ap- 
plications will probably be in new fields of human en- 
deavor. Industrial processes at extremely high tempera- 
tures, ultra-high-speed transportation, the production of 
radioactive materials for industrial and medical pur- 
poses as well as for some scientific investigations, the 
manufacture of rare elements by transmutation, and the 
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treatment of materials by radiation are among the more 
likely specialized uses of fission energy in addition to the 
continued production of atomic explosives. — 


For some time the more conservative members of the 
petroleum industry have been concerned about what the 
world would use for fuel when the petroleum and coal 
reserves were exhausted. Prior to 1935 new discoveries 
more than offset the increased consumption of petro- . 
leum. During the past 10 years the discovery rate has 
rapidly declined while production has soared. Although 
there will be a postwar respite, this trend is likely to 
continue for some time. However, the petroleum in- 
dustry now has somewhat less occasion to regret the ex- 
penditure of a large part of the earth’s supply of chem- 
cal energy. By the time this source is exhausted, there 
should be plenty of atomic energy available. 


Although this change seems inevitable, it will cer- 
tainly not be rapid. Few of us will live to drive atomic 
automobiles or fly jet planes powered by nuclear energy. 
When this time arrives, there will still be a petroleum 
industry, but it may have changed rather remarkably in 
character. Instead of petroleum being primarily used 
for fuel, it will be the raw material for all kinds of 
organic substances. 

Already it sometimes seems a waste to burn hydro- 
carbon molecules when they can be converted into 
valuable compounds like synthetic rubber, toluol, poly- 
merized lubricants, plastics, and medicinal substances. 
The war has emphasized the importance of petroleum as 
a source substance in organic synthesis. An increase 
in the availability of atomic energy, together with an 
increase in the knowledge of the organic chemistry of 
petroleum, should result in considerable expansion of 
the chemical utilization of petroleum. The refinery of 
the future will be more of a chemical factory than a 
producer of fuel. 
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Liquid-Charge Technique 
In TCC Processing 
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As A MEANS of conserving petroleum reserves 
and establishing well-balanced refinery operations, it 
it highly important to convert petroleum stocks into 
maximum yields of gasoline and light fuels and to 
minimize the production of heavy fuels. Over a period 
of years such processes as thermal viscosity breaking 
and coking have been developed for converting heavy 
fuel oils into gasoline and lighter fuels, but these 
methods have found only limited application due 
either to economic factors or limitations related to 
the quality of the products obtained. Catalytic crack- 
ing processes, which have been installed on an enor- 
mous scale during the war, will serve to improve the 
gasoline to heavy fuel-oil balance to a marked degree, 
because they produce high yields of high-quality 
gasoline with light fuel oil as a byproduct, rather 
than heavy fuel such as is produced in conventional 
thermal cracking operations. However, even catalytic 
cracking has been somewhat limited in application 
because of process limitations with respect to han- 
dling oils of high boiling point—with the result that, 
prior to the war and during the war, catalytic charge 
stocks had end points below about 1000 to 1050° F., 
and dew points below about 850° F. The latter limita- 
tion was made to facilitate maximum production of 
war products such as aviation gasoline from a mini- 
mum equipment installation. 


The Thermofor Catalytic Cracking (TCC) proc- 
ess''*}3.4 was one of the major contributions to the 
war program (see Figure 1), and during the war 
period most of the TCC projects were operated on 
the type of charge stocks described previously herein. 
Nevertheless, several months ago an adaptation of 
the TCC process® was introduced for catalytic crack- 
ing of the heaviest types of petroleum charge stocks 
without restriction to boiling range, and converting 
them into high yields of high-quality motor gasoline 
and distillate fuel oils. The latter application of the 
TCC principle is referred to as “TCC liquid-charge 
technique,” and the purpose of this paper is to de- 
scribe it in more detail than in the original publica- 
tion. 

The original TCC process and the liquid-charge 
technique are both developments of the research and 
development laboratories of Socony-Vacuum Oil 
Company, at Paulsboro, New Jersey. Their further 
development and engineering are being conducted by 
the latter concern in cooperation with Houdry Proc- 
ess Corporation. The TCC process, including the 
liquid-charge technique, is made available to the in- 
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Ax adaptation of the TCC process, called liquid- 
charge technique,” is described for catalytic cracking 
of the heaviest types of petroleum charge stocks. High 
yields of high-quality motor gasoline and distillate fuel 
oils are produced. The reactor used is the concurrent 
solid-bed downflow type with provision for introducing 
the feed at the top and removing the cracked products 
from the bottom. The charge may comprise total liquid 
or mixed liquid-vapor feed. 

Catalyst-to-oil ratios need not be high to achieve the 
desired conversion with reasonable oil and catalyst inlet 
temperatures. Studies on a number of stocks show that 
catalyst-to-oil ratios of 1.8 to 4.0, by volume, are ade- 
quate. Overcracking may occur at higher catalyst-to-oil 
ratios, resulting in a rapid increase in coke and gas 
production with a loss in gasoline yield and liqgid 
recovery. 

Charge stocks should be below about 4 percent by 
weight Conradson carbon residue to maintain coke lay- 
down at reasonable levels. Heavy asphaltic stocks give 
excessive coke, and should be deasphalted before they 
are charged to the cracking unit. Deasphalting greatly 
| reduces coke laydown, and results in improved yields 
of motor gasoline from a given capacity unit. 
Data are given to demonstrate that the liquid-charge 
technique catalytic reaction proceeds extremely rapidly, 
with about 70 percent of the cracking occurring at a 
point representing only 12 percent of the total path 
| through the reaction zone. 
This paper presented before Division of Refining, be- 
fore the Twenty-fifth Annual Meeting of the American 
| Petroleum Institute, Chicago, November 15, 1945. 











dustry through licenses granted by Houdry Process 
Corporation. 

The principles and operating features of TCC have 
been thoroughly described in previous publications, 
and do not require detailed description here; but it 
will be of interest to review some of the salient fea- 
tures, particularly in the light of their bearing on the 
liquid-charge technique. To assist in this discussion 
Figure 2 and 3 are submitted, giving the general flow 
plan for the TCC system. The catalyst flow system 
for liquid-charge technique is essentially the same as 
for vapor-phase operation, although the rate of 
catalyst circulation may in some cases be higher. 
Thus charge stock containing as much as 50 percent 
liquid when injected into the reaction chamber can 
be processed satisfactorily when the equivalent of 
100 to 150 tons of catalyst per hour per 10,000 bar- 
rels per day of oil charge are circulated. On the other 
hand, when very heavy charge stocks are processed, 
which may be almost 100 percent liquid when in- 
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jected into the reactor, it has been found desirable to 
increase the catalyst circulation rate to as much as 
twice that for vapor-phase operation in order to 
maintain the catalytic system at an efficient operat- 
ing level. It should be realized, however, that, even 
when processing very heavy charge stocks, the cata- 
lyst-to-oil ratios utilized are remarkably low. 

"The determination of optimum catalyst circulation 
rate with liquid-charge technique depends on a num- 
ber of factors. First, in order to satisfy heat balance 
requirements for the reactor, a certain minimum 
catalyst-to-oil ratio must be employed with very 
heavy stocks. This may be as much as twice that 
required for vapor-phase operation. Second, when 
heavy stocks are charged, particularly close-cut frac- 
tions, the ease with which such fractions are cracked 
results in a high level of conversion to useful prod- 
ucts. This, of course, is highly desirable from the 
standpoint of economic considerations. Such opera- 
tions generally result in greater coke laydown than 
is normal with light-stock cracking at somewhat 


lower conversions, and higher catalyst-to-oil ratios 
are frequently helpful in maintaining the catalyst 
mass at a satisfactory activity level. Third, it is de- 
sirable to maintain the coke distribution on the cata- 
lyst within desired limits to facilitate the operation 
of the regenerating kiln. Thus, a plant operating on a 
light stock at a lower conversion level may circulate 
100 tons of catalyst per hour per 10,000 barrels per 
day of oil charge with a resultant coke deposit of 
5000 pounds per hour, or 2.5 percent by weight of 
the catalyst mass. Such a unit would employ a 10- 
zone regenerating kiln (see Figure 4). A 10,000- 
barrel-per-day unit, charging heavy liquid for high 
conversion operation, might form in the neighbor- 
hood of 10,000 pounds of coke per hour when 200 
tons of catalyst per hour are circulated to maintain 
conversion at the desired level. Thus, in the latter 
case, there would be twice the weight of coke to 
burn, but the percent (2.5 percent by weight) of coke 
deposited on the catalyst mass would be the same, 
and the number of zones in the kiln would be the 


FIGURE 1 
Commercial Thermofor Catalytic Cracking Plant. 


November, 


1945—A Gulf Publishing Company Publication 


111 








same as for the lighter-oil operation. This compari- 
son is, for the sake of brevity, somewhat simplified, 
but it serves adequately to demonstrate the point in 
question. 

The reactor ‘used for liquid-charge technique is the 





















































lyst flow passages are provided between the troughs, 
and the vapors are released from the catalyst in the 
free space under the open side of the trough, and 
they then flow out through a side outlet to the frac- un 
tionating section of the unit. Gas-collecting systems 
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General Process Flow Diagram for TCC Plant, Employing HRS : / 
Liquid-Charge Technique. 7 IN : 
H ; 
ee 3 : 
concurrent solid-bed downflow type. Reactors of this ; : 
type have been used in commercial vapor-phase : : 
operations, although most of the units now in oper- $ 
ation use countercurrent upflow of vapors—the flow H : _—_ 
of catalyst being downward by gravity in either case. omnate « s i : wl 
Without attempting to compare the merits of con- M085 ui Be 1 Te si 
current and countercurrent reactors, it will suffice  < sh=l: =%~ 
here to state that concurrent flow has several advan- |e i=]: =i- 
tages when liquid charge is employed, and has been s ae =e 
adopted as the standard type for this technique. Two 7? s t=]: = 3° | 
- principal problems are involved in charging liquid to as sf=]3 #i¢ 
such a system: 1, introducing the liquid onto the i .. 3 < ; 3 = 3s bi 
catalyst in uniform fashion; 2, removing the vapors ;. 8 v ; : , 
from the catalyst mass at a point near the bottom of : 
the reactor. The latter problem has been fully devel- | 3 
oped and proved on concurrent-flow vapor-phase re- 3 4 
action systems, and the same methods will be em- E 
ployed in the ijiquid-charge systems. ann $$ reac 
Basically, these vapor collectors are simply in- FIGURE 3 stan 
verted troughs which are assembled in the form of a Simplified Flow Diagram of Reactor and Kiln of TCC Plant, has 
grid covering the cross-section of the reactor. Cata- Using Vapor Charge. Mid 
112 {438} Petroleum Refiner—V ol. 24, No. 11 @ Nove 









ghs, 

the 
and 
rac- 
ems 


operating on this same principle are also employed 
successfully for collecting flue gas (see Figures 4 
and 5) in numerous operating kilns in existing TCC 
units. 

Figure 6 is a diagrammatic sketch showing a gen- 
eral layout of a concurrent-flow vapor-collector grid. 

The liquid distributing system at the top of the 
reactor has been thoroughly tested and demonstrated 
in pilot-plant and test-model units. Tests of several 
months or more have been made without plugging 
or coking of the distributing elements employed. 
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FIGURE 4 
TCC Kiln. 


Experimental work has shown that the catalytic 
reaction starts and proceeds extremely rapidly the in- 
Stant the spray meets the catalyst. For example, it 
has been demonstrated that, in cracking a 25 percent 
Mid-Continent crude residium, about 7%5 percent of 
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the charge is converted to material having a lower 
boiling range than the initial boiling point of the 
charge stock at a point representing only 12 percent 
of the total path through the reaction zone. Similiarly 
at this point about 70 percent of the ultimate gaso- 
line formation has occurred, and only 0.7 percent of 
the original feed can be accounted for as residual oil 
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FIGURE 5 
TCC Kiln—Typical Burning and Cooling Zone. 


on the catalyst. These results are mentioned at this 
point simply to emphasize the extremely rapid con- 
version which occurs at the inlet zone of the reactor, 
and a more complete discussion of the progressive 
conversion throughout the reactor will be given later. 

The liquid-charge technique can be employed in 
many ways: for example, either total liquid or liquid 
vapor feed may be charged directly to the reactor 
section, or alternately vapor and liquid may be intro- 
duced separately at the ‘top of the reactor—depend- 
ing upon the flexibility required in overall refinery 
operation. 

As to the commercial status of liquid-charge tech- 
nique, it should be pointed out that commercial tests 
were delayed due to the necessity for keeping all 
TCC units on full production on the aviation-gasoline 
program during the war. Today, one existing TCC 
unit is being converted ‘for liquid-charge operation, 
and will be in operation shortly. A second entirely 
new unit is under design, and should be erected dur- 
ing the coming year. 


Processing Results—Typical Charge Stocks 
and Catalysts 

Liquid-charge technique has been studied in the 
pilot plant on a wide range of charge stocks, varying 
from medium-boiling-range gas oils with their 50-per- 
cent points at 700° F., to an asphaltic Duo-Sol tar 
extracted in the solvent refining of lubricating-oil 
stocks. Physical properties of four typical stocks on 
which considerable experimental work has been con- 
ducted are shown in Table 1. These comprise de- 
asphalted 15-percent East Texas residuum, 25-percent 
undeasphalted Mid-Continent residuum, Kansas crude 
vacuum distillate, and a wide-cut East Texas flash 
distillate. It will be noted that none of these stocks 
would be considered as suitable for vapor-phase TCC 
operation due to their high boiling range—the per- 
cent distilled at 1000° F. ranging from 24 percent for 
the deasphalted 15-percent East Texas residuum to 
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81 percent for the wide-cut East Texas flash dis- 
tillate. 

Catalyst for liquid-charge operation may be syn- 
thetic bead, synthetic pellets, or pelleted clay; they 
are the same as those used in present conventional 
TCC vapor-phase operations. Selection of catalyst 
for a given project will follow the same principles 
applicable to selecting catalyst for vapor-phase oper- 
ations. 

Representative Yields 

In general, the yields of motor gasoline, coke, and 
heavy fuel oil are higher, and the yield of distillate 
fuel oil is lower, than from cracking light gas oils. 
Yields of motor gasoline of 45 to 60 percent by vol- 



































FIGURE 6 
Concurrent-Flow TCC Reactor—Vapor-Collecting Grid. 


ume, of distillate fuel oil of 20 to 30 percent by vol- 
ume, and of heavy fuel oil of 10 to 20 percent by vol- 
ume are typical. Representative yields and operating 
conditions for processing the four charge stocks de- 
scribed hereinbefore over clay catalyst are presented 
in Table 2. At the operating conditions employed, the 
percentage of charge stock vaporized in the oil pre- 
heater varied from zero to about 50 percent for the 
deasphalted 15-percent East Texas residuum and 
wide-cut East Texas flash distillate, respectively. 


Product Quality 

The properties of catalytic products made from 
TCC cracking of heavy stocks are normal in all re- 
spects. Motor gasolines have excellent volatility with 
CFR motor-method octane ratings of 77 to 82 and 
with CFR research octane ratings of 87 to 95. With 
the addition of 1 ml of tetraethyl lead per gallon, the 
octane ratings of the motor gasoline are raised 3 
to 5 numbers by both methods of rating. Light dis- 
tillate fuel oils (630° F. end point) made from waxy 
high-pour-point charge stocks have a pour point 
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below 0° F., usually in the range of —10 to —30° F, 
Heavy cycle stocks (made from charge stocks boil- 
ing predominately above 900° F.) have their 50-per- 
cent points at 700 to 800° F. and their 90-percent 
points below 900° F. Table 3 gives typical proper- 


ties of motor gasoline, distillate fuels, and heavy: 


fuel oils obtained from processing the charge stocks 
noted previously. 


Operating Variables 
The operating variables, and the range through 
which these variables have been studied, are as fol- 


lows: 
Oil inlet temperature, deg F. .................. 700 to 950 


Catalyst inlet temperature, deg F.............. 900 to 1,100 
I, MU cack cca soddccRans pwns 1.8 to 6.0 
SD WERNER, WE PME concede ccc ccwccavces 0.4 to 6.0 
Steam, percent by weight ..................... 5 to 10 
I: OE NI, 66 wns Mason ind pw e's iodine 10 


* V/V /hour = ratio of the volume of liquid oil charged per hour to the 
apparent volume of catalyst in the reaction bed, 


Inasmuch as the first three variables govern the 
heat supplied to the reactor, they exert a major effect 
on the severity of the cracking operation. It has been 
found that a total sensible heat input above 700° F, 
equivalent to 400 to 450 Btu per pound of oil charge 
is required in the combined entering oil and catalyst 
streams to give an oil-free spent catalyst from the re- 
actor when a stock is charged which has a sub- 
stantial portion boiling above 900° F. 

Catalyst-to-oil ratios need not be high in order to 
achieve the desired conversion with reasonable oil 
and catalyst inlet temperatures. Studies made on a 
number of stocks have proved catalyst-to-oil ratios 
in the order of 1.8 to 4.0 by volume to be adequate. 
For example, on the wide-cut East Texas flash dis- 
tillate with oil and catalyst inlet temperatures of 850 
and 1100° F., respectively, the optimum catalyst-to- 
oil ratio appears to be between 3 and 4, as shown 
by the data in Table 4. At higher catalyst-to-oil ra- 
tios, such as 6.0, over-cracking occurs which results in 
a rapid increase in coke and gas with a loss in gaso- 
line yield and liquid recovery. 

A corelation of product yields with conversion for 
all the data on the wide-cut East Texas flash dis- 
tillate is shown in Figure 7. This correlation is based 
on data in which the oil inlet temperature was varied 
from 700 to 850° F., the catalyst inlet temperature 
from 1000 to 1100° F., and the catalyst-to-oil ratio 
from 1.8 to 6.0 by volume. This demonstrates the 
flexibility of this type of processing, as it reflects the 
interchangeability of the process variables to achieve 
a desired conversion level. On this stock, the maxi- 

















TABLE 1 
Properties of Typical TCC Liquid Charge Stocks 
=== 

Deasphalted | 25 Percent Kansas Wide-cut 

15 Percent Mid Crude East Texas 
East Texas | Continent Vacuum Flash 

Residuum Residuum Distillate Distillate 
TE oes cg veces sarin 23.2 21.2 22.3 26.4 
Pour point, °F eaerecd >120 85 110 >120 
Sulfur, percent by weight......... 0.39 0.46 0.61 0.38 
Aniline No., °F. vee 234 2 205 27 
Kinematic viscosity at 210° F..... 26.4 34.8 13.8 8.0 
Conradson carbon residue, percent 1.6 4.5 1.3 09 
Vacuum-Assay Distillation in °F.: 817 798 767 489 
§-percent point.............. 933 831 808 631 
10-percent point.............. 961 855 822 668 

20-percent point............... 992 881 840 7: 

30-percent point............... 1,009 903 860 769 
40-percent point. . ‘ een 1,032 940 880 810 
50-percent point. . : 1,060 990 919 847 
60-percent point... . 1,106 1,020 950 888 
70-percent point a aoe 981 933 
80-percent point a 1,029 999 
90-percent point 1,080 1,069 
End point (approximate). ..... Roz 1,160 1,130 
Recovery at 1,000° F., percent... 24 53 74 81 
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TABLE 2 
Yields and Properties of Products from TCC Liquid Feed Cracking Various Stocks Over 30 Activity-index Clay Catalyst 





Deasphalted 15-Percent 


STOCK: East Texas Residuum 


25-Percent Mid-Continent 
Resid 


Kansas Crude 
Vacuum Distillate 





Motor 
Gasoline 
(10 Lb. 
Reid Vapor 
Pressure; 
90-Percent 
Point at 
357° F. 


(10 
Reid 


pRODUCT: 


Lb. 
Vapor 





53.3 
60.0 
10.1 


Yield, percent by volume 
Gravity, °API 


Induction period, hours and minutes 
fulfur, percent by weight 

Aniline No., °F 

Pour point, °F 


Distillation in Deg. F.: 





Initial boiling point 

Spercent point 

iépercent point 

percent point 

i-percent point....... 

-p:rcent point 

Es «5s esveccscacseneessens 
rrr 
1-percent point 

S-pereent point. . 


Recovery, percent by volume 
loss, percent by volume.............. 
Octane No.: 


0.: 

CFR motor-method: 

Without TEL addition................. 

With addition of 1 ml per gallon TEL.... 

With addition of 3 ml per gallon TEL.... 
CFR research-method: 

Without TEL addition iia et A 

With addition of 1 ml per gallon TEL.... 

With addition of 3 m! per gallon TEL. .. 






































mum yield of 52.5 percent of motor gasoline, with a 
Reid vapor pressure of 10 pounds and with a 90-per- 
cent point at 365° F., is obtained at about 67 per- 
cent conversion, with a yield of 9.0 percent by 
weight of dry gas (C, and lighter) and 7.0 percent 
by weight of coke. 

The progressive change in liquid-product yields 
with bed depth while cracking the 25-percent Mid- 
Continent crude bottoms over 30-activity clay cata- 
lyst is shown in Figure 8, with the results expressed 
in terms of equivalent bed depth for a 16-foot-diam- 
eter 10,000-barrels-per-day commercial reactor. Sub- 
stantially all the liquid is cracked off the catalyst in 
the first 2 feet of bed depth; furthermore, 70 percent 
of the ultimate gasoline yield is obtained at this level, 
and the change in product distribution throughout 
the remainder of the reactor is relatively slow. Prod- 
uct yields at the 2-foot and 17.5-foot levels are as 
follows : 











ields based on Charge: : 
“Eek line (10 Lb. Reid vapor pressure; 90-percent point at 
356° F.), percent by volume 
Excess Cas, percent by volume 
Distillate fuel oil, percent by volume 
eavy fuel oil, percent by volume... . aoe 
Ury gas (C3 and lighter), percent by weight 
Uil on catalyst, percent by weight 
et carbon deposit, percent by weight 











The relatively high carbon laydown associated 
with high-conversion liquid-charge technique on 
heavy stocks as compared to normal operation on 
lighter gas oils is due to the character of the charge 
father than to the fact that the charge is a liquid 
when it contacts the catalyst. For example, on a stock 
which could be charged either completely as a vapor 
* as about 50 percent liquid there was no noticeable 
tifference in carbon laydown or product distribution 
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when the total heat input to the reactor was held the 
same. 
Reduced crudes or residuums should be deas- 


TABLE 3 
Typical Operating Conditions and Yields 





Deasphalted 
15 Percent 
East Texas 
Residuum 


30 AI* clay 


Kansas 
Crude 
Vacuum 
Distillate 


30 Al clay 


25 Percent 
Mid 


Continent 
Residuum 


30 Al clay 


Stock: 


Catalyst: 

Operating Conditions: 

Oil inlet temperature, °F 906 

Catalyst inlet temperature, °F 1,029 

Average reactor temperature, °F... 915 

Space velocity, V/V/hour ” 
1 
5 





0. 

Catalyst-to-oil ratio, volume ‘ 4. 

Steam, percent by weight of charge : 5. 

Reactor pressure, psi (gauge) 0. 

Yields: 

Motor gasoline (10 Lb. Reid vapor 
pressure; 90-percent nt at 
356 °F.), pane by volume 

Excess C4 above 10 Lb. Reid vapor 

re motor gasoline, percent 
y volume ’ 5.9 

Catalytic gasoil, percent by volume i 43.6 

Liquid recovery, percent by volume 97.0 

Dry gas (Cs and lighter), percent 
by weight . 7.0 

Total coke deposit, percent by 

7 wae. , is _ . 8.5 

otal coke deposit, poun r 
a | on 10,000 barrel per 1 od 


47.5 

















* AI = Activity Index. 


TABLE 4 
Effect of Catalyst-to-Oil Ratio 





Stock: Wide-cut East Texas Flash Distillate 


Catalyst-to-oil ratio, volume ; . 4.6 
Motor gasoline (10 Lb. Reid vapor pressure; 90-per- 
cent point at 365° F.), percent by volume f , 51.4 
Excess Bs cut above motor gasoline, percent by volume} 11. 
Catalytic gasoil, percent by volume 
Cs3-free liquid recovery, percent 7 
Dry gas (Cs and lighter). percent by weight......... 
Coke, percent by weight pe : 
Coke, pounds per hour on 10,000 barrel-per-day feed ,220 





waenrac o 
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33. 
95. 

9. 

7. 
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phalted to give Conradson carbon residues below 
about 4 percent by weight before they are cracked in 
order to maintain the coke laydown at reasonable 
levels. The effect of Conradson carbon of the charge 
stock on the coke laydown is shown by the following 
data: 

















Mid 

Deasphalted | Continent 

15-Percent | 25-Percent 

East Texas Crude Due-Sel 
Steck: Residuum Bottoms Tar 
Conradson carbon residue, t by weight... .. 1.6 4.5 13.0 
Conversion,* percent by volume................. 57.4 57.4 57.4 
Coke laydown, percent by weight................ 6.5 10.5 28.0 
Coke laydown, pounds per hour on 10,000-barrel- 

per-day feed..... . Tabata duwhinlen tax 8,700 14,100 41,500 





* Conversion 100 = minus percent by volume of catalytic gasoil boiling above motor 
ine. 

The advantage of removing asphalt from the charge 
prior to cracking is not only confined to considera- 
tions of carbon burning requirements, but also is re- 
flected in greatly improved yields of motor gasoline 
for a given catalytic cracking capacity. This is illus- 
trated by comparable data from cracking an 11.6-per- 
cent-by-weight carbon-residue raw East Texas 15- 
percent residuum and a 1.6-percent-by-weight carbon- 


% 





10 Lb. RVP Motor Gasoline 


; aes 








\ 


VOL. PER. CENT CHARGE 








35 








15 














WT. PER CENT CHARGE 








15 
PP. § 


10 —_ 
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WT. PER CENT CHARGE 


40 50 60 70 60 90 
CONVERSION (100-PER CENT VOL. CATALYTIC GAS 
OIL BOILING ABOVE MOTOR GASOLINE) -PER CENT VOL. 


Charge stock: wide-cut East Texas flash distillate. 
Catalyst: 30 AI clay. 
FIGURE 7 


Yield of Motor Gasoline, Dry Gas, and Coke as a Function 
of Conversion. 


116 {442} 























LS 
\ 
: S 
Ss 
S 

N\ 





&é 








VIELO, PER CENT VOL. CHARGE 
3s 
4 
\ 
Va 



































20 N -- , 4 LA all Ah Ps 4 x 
NY A A / AX SV SA ‘ai — 
CASS KS, f/f VY Af fe / 
NI if V J Ps iA 7A Bt ol ve a 
se Bi’ A ad p (Aras Cycle Stock Y 
v 4 | 7 7 - 7 
WAS /. A Jf } Jf YY AA, LY, 
’ A 4 | F JS / | A 
b>» Residual Oil on catalyst}. “ J 4 ? 4 of 
/ 4 i 
© ae l tO rn A ee Fs y, / 
° 2.5 5 765 lo 12.5 15 


BED DEPTH, FT. 
Catalyst: 29 ATI clay. 
Catalyst-to-oil ratio: 2.9 W/W.* 
Oil inlet temperature: 900° F. 
Catalyst inlet temperature: 1025° F. 
Steam: 5 percent. 
FIGURE 8 


Product Distribution Vs. Bed Depth for Liquid-Charge TCC Cracking 
25-Percent Mid-Continent Crude Bottoms. 


* W/W = ratio of the weight of catalyst circulated to the weight of 
oil charged. 


residue deasphalted East Texas 15-percent residuum: 














Raw Deasphalted 

East Texas | East Texas 

Residuum Residuum 

Motor gasoline (10 Lb. Reid vapor pressure; 90-percent poin 

at 356° F.), percent by volume... .. ; th es 34.1 53.3 
Excess C4s above motor gasoline, percent by volume. . 5.1 9.9 
Distillate fuel oil, percent by volume. . . ; 22.1 21.7 
Heavy fuel oil, percent by volume........ ; 25.0 12.7 
C3-free liquid recovery, percent by volume........ 86.3 97.6 
Dry gas (C3 and lighter), percent by weight.. . 7.1 8.2 
Coke, percent by weight................ a 18.4 8.0 
Coke, pounds per hour on 10,000-barrel-per-day feed. . 25,700 10,700 








Deasphalting may be accomplished by any conven- 
tional method such as vacuum distillation, flash dis- 
tillation, or solvent deasphalting; selection of the 
process will depend on the economics for the particu- 
lar installation, under consideration. On low-carbon- 
residue crudes, where deasphalting may not be neces- 
sary from the standpoint of carbon laydown, it will, 
nevertheless, be necessary to give the charge to the 
catalytic unit some treatment to remove inorganic 
salts or. other non-volatile materials which might be 
harmful to the catalyst. 
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Peacetime Utility of Wartime 


Petroleum Refining Processes 


F. D. PARKER 
Development Engineer 


TY sri the successful completion of the war 
against the Axis nations, the petroleum industry’s 
major task changes from production of war materials 
to production of fuels, lubricants and specialties 
required by industry and the consumer public. The 
following figures, abstracted from recent reports, in- 
dicate the size of the task performed by the refining 
branch of the industry and the magnitude of the 
reconversion problem in terms of capital equipment 
involved. 

1. Prior to the war, the production of 100-octane 
gasoline in the United States was about 46,000 barrels 
per day. In four years, this was increased to about 
525,000 barrels per day. This involved operation of a 
relatively small number of prewar units, plus con- 
struction and operation of many new units; the latter 
running about as follows (for the United Nations, 
with most of the plants in the United States) : 


TYPE PLANT 


Alkylation . . : sy eeitre ne 75 
Catalytic cracking pia pealreddsedaeeedtel 77 
Isomerization . . . ae iven 37 
Hydrogenation. . . : si 4 
Dehydrogenation. . . d ¥ 2 
Miscellaneous uta hice 16 











2. The petroleum industry and government spent 
approximately $1,000,000,000 on facilities related to 
production of 100-octane aviation gasoline. Of this 


fe utility of the war-built plants in the manufacture 
of peacetime refined products is of interest not only to 
the refiners who installed one or more of these units 
for the production of aviation gasoline, but also to 
those refiners who, through consideration of individual 
economic, geographical, or transportation factors were 
not in a position to participate in the 100-octane pro- 
gram, or phases of the toluene and synthetic-rubber 
programs, and now find themselves entering the post- 
war period with prewar refining facilities operating 
in competition with more modern facilities of other 
refiners. While the problem of what plants can be 
operated economically is one that must ultimately be 
reviewed by each individual refiner in the light of con- 
ditions peculiar to his situation, there are certain more | 
or less general technico-economic considerations which 
it is the purpose of this paper to review. 
This paper was presented at the annual meeting of 
the California Natural Gasoline Association, Los Angeles, 
October 12, 1945. 
| 
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amount, about $850,000,000 was spent for facilities 
within the United States, $620,000,000 of this being 
spent by private industry, a private investment per- 
centage greater than made by any other industry 
during the war. 

3. Some of the facilities constructed in connection 
with the toluene program and the $800,000,000 syn- 
thetic rubber program (both largely government 
financed) have potential peacetime applicability. 


Predicted Gasoline Production and Quality 


Considerable thought has been given by various 
analysts to the quantity and quality of postwar 
gasoline. 

R. W. Reinhart’ presents figures on past and pre- 
dicted future annual gasoline consumption in the 
United States as follows: 














Million Barrels 
1935. 450 
1936... 475 
1937. 515 
1938... | 525 
1939. i 550 
1940. | 590 
1945. 599 
1946 | 640 
1947. ‘| 700 
1948. ‘| 745 
vitor is ove's <acanconikdedekeseiieenieian ‘| 756 
} 








Burrill? is in general agreement with the above 
predicted postwar figures. While disturbances in the 
war-peace transition will undoubtedly cause marked 
deviations from the 1945-1946 figures, the predicted 
consumption for 1947-1949 appears sound. 


Risk® reports distribution of various quality gaso- 
lines for the prewar and predicts postwar distribu- 
tion as follows: 


Pre-war and Predicted Post-war Gasolines 














| Octane Rating Percent of 
| ASTM Motor Total Gasoline 
GRADE Prewar Postwar Prewar Postwar 
Aviation. . 91-100 100 2 6- 8 
Premium. ‘ 80 85-88 10 10-20 
ae eth 75 78-80 78 60-75 
Third Grade. . . eeeete ert 64 68-70 10 5-15 




















There is a strong feeling in the aviation industry 
that a considerable portion of the aviation gasoline 
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cited by Risk as averaging 100 oceane will actually be 
of super-fuel quality such as alkylate-plus-isopentane- 
plus-lead, This will have a bearing on the economic 
operability Of processes like alkylation and isomeriza- 
tion. Actual marketing trends show that regular- 
grade and premium-grade motor gasolines are, in 
many cases, already in the above predicted range. 
Refinery capacity figures are reported‘ as follows: 














Crude Oil 
Charge Capacity 

YEAR Barrels/Day 
1935 3,700,000 
1936 3,850,000 
1937 3,900,000 
1938 3,900,000 
1940 4,200,000 
1041 4,500,000 
1943 4,500,000 
1944 Ltenk 4,700,000 
1945 : j ; ..ee| 4,850,000 








Referring to the above figures, it is evident that 
the petroleum refining industry is faced with the 
problem of producing motor gasolines 3-8 octane 
points above prewar values with yields of gasoline 
from crude oil equal to or exceeding prewar yields. 
From the point of view of number of installations (as 
listed above), the most important wartime processes 
available for solving this refining problem are alkyla- 
tion, isomerization, and catalytic cracking. Catalytic 
polymerization and catalytic reforming (hydroform- 
ing) are prewar processes whose applicability to post- 
war operations is also of interest. 


Wartime Processes Available for Peacetime 
Operations 


As previously noted, the major private petroleum 
industry investment in new refining facilities during 
the war years was for high-octane-gasoline plants and 
related auxiliaries. Papers describing the various 
catalytic cracking processes®*”*, alkylation’, butane 
and pentane-hexane isomerization®® and hydroform- 
ing (including toluene purification)**** and integra- 
tion of certain of these processes for high-octane- 
gasoline manufacture™ have given adequate coverage 
of their respective subjects so that in this paper no 
attempt will be made to recapitulate previously pub- 
lished characteristic features of process, technology, 
operation, and refinery integration except as pertinent 
to the considerations at hand. 

The significant items that are the concern of. this 
paper are summarized below: 


























Approx. 
Volume 
Yield 
PROCESS Charge Product Percent 
Catalytic Narrow or wide-boiling virgin coke 
Cracking distillate, or visbreaker gasoil, or 
deasphalted resid. Gasoline | 40-65 
78-82 ASTM | 
88-95 Research 
Alkylation Olefins: Propene, Butenes, Alkylate Gasoline 
. Pentenes, Polymer 88-04 ASTM | 160-170 
on Olefin. 
Isoparaffin: Isobutane 88-96 Research 
Polymerization Propene, Butenes Polymer Gasoline 
85-95 ASTM | 65-75 on 
95-105 Research Olefin. 
Butane Normal Butane Isobutane 100 
Isomerization 92 ASTM (for alkylation) | 
Pentane Normal Pentane Isopentane | 96-100 
Isomerization 62 ASTM 92 ASTM 
Catalytic Reform-| Naphtha Gasoline | 75-90 
ing, (Hydroform-| 45-55 ASTM 80—90 Research | 
ing 
if 
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Crude-Oil-Charge Capacity 


_ While the above processes are available to all 
refiners for postwar operation, the size of any in- 
stallation will vary with the crude-oil-charge capac- 
ity, the nature of the crude processed, the products 
normally manufactured, and the details of existing 
process facilities and operations. As a matter of in- 
terest in determining the approximate size of indi- 
vidual modern refining units that hight be operated 
for peacetime products, United States refineries may 
be segregated into the following crude oil charge 


capacity groupings: 


Approximate Distribution of U. $. Refining Capacity” 











Approximate 

Individual Refinery Approximate | Percent of ude Oil | Crude Oil. 

Crude Oil Number of | Total U.S. | Processed, | Percent of 

Charge Capacity Refineries | Refineries B/D U.S. Total 

Barrels per Day: 

Less than 1,000................ 13. 20,000 0.4 
SS err. 162 41. 400,000 8.0 
§,000— 10,000................ 71 18. 480,000 9.6 
10,000— 25,000................ 59 15.1 850,000 17.0 
25,000— 50,000................ 28 7.2 1,000,000 20.0 
50,000—100,000. ............... 13 3.3 950,000 19.0 
PL vow: acdeausececiecds 10 2.5 1,300,000 26.0 
396 100.0 5,000,000 100.0 




















The above figures indicate that refineries in the 
1000-5000-barrel range predominate numerically, but 
have total charge capacity only above 8.0 percent of 
the total. Refineries over 50,000 barrels capacity rep- 
resent 45 percent of total United States crude- 
charging capacity, but are few in number, and in 
most cases owned by companies whose problems are 
handied individually and whose economic position, 
due to size, generally permits them to operate any or 
all of the processes installed by smaller refiners. The 
5,000-50,000 range includes about 40 percent of the 
refineries and 46.6 percent of the crude-oil-charge 
capacity. Refineries in the 5,000-50,000 barrels group 
will therefore, as a group, be most concerned with 
the applicability of wartime refining processes to 
postwar operations, and the weighted average of 
their actions is most significant in setting product 
quality levels. 


Capacity Ranges 


In considering catalytic cracking, alkylation, 
isomerization and the like in the light of peacetime 
conditions, it is convenient to estimate the approxi- 
mate capacity ranges for each as related to refinery 
crude-oil-charge capacity. For purposes of this paper, 
three typical refinery capacities have been selected 
for illustrating the effect of plant capacity on econom- 
ics. These refinery capacities are 5,000, 15,000, and 
30,000 barrels per day corresponding to significant 
5,000-50,000-barrel range described above. In the fol- 
lowing discussions it is understood that the 5,000, 
15,000, and 30,000-barrel figures refer to refining 
crude processed and are in addition to any other (and 
usually smaller) quantities processed primarily for 
products other than gasoline (such as lube oils, road 
oils and asphalts, diesel and other distillate fuels, 
solvents, waxes, etc.). 

On the above basis, and by making use of general- 
ized yields data characteristic of processing a typical 
31° API Los Angeles Basin crude oil" it is possible 
to set up figures which will approximately bracket 
the range of individual plant capacities corresponding 
to the 5,000-, 15,000- and 30,000-barrel refineries 
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chosen for illustrative purposes. These are summar- 
ized below : 


Approximate Range of Potential Capacity of Individual Plants, 

















Barrels per Day 
5,000—Barrel 15,000—Barrel | 30,000—Barrel 
PROCESS Refinery Refinery Refinery 
Thermal or Catalytic. . .. 2,000—4,000 6,000—12,000 12,000—24,000 
SR ee ee a ee (3,000 av.) (9,000 av.) (18,000 av.) 
Alkylation (Alkylate Gasoline): 
OS ererrr are : 200—300 600— 900 1,200—1,800 
RN in 66ws ossebhd conedante2 200—300 600— 900 1,200—1,800 
Pentene 200—300 600— 900 1,200—1,800 
_ ee | 600—900 1,800—2,700 3,600—5,400 
| 
Propene-Butene Polymerization. .. 150— 250 450— 750 900—1,500 
Butane Isomerization... .... a 100— 500 300—1,500 600—3,000 
Pentane Isomerization........ 50— 200 150— 600 300—1,200 
Catalytic Reforming 
(Hydroforming)................ 1,000—1,500 3,000—4,500 6,000—9,000 

















The relatively wide range shown is explainable by 
the variety of refinery processing schemes and flexi- 
bility of operating conditions. 


Approximate Relative Economics of Peacetime 
Operation of Wartime Processes 

The following discussion presents the results of 
some comparative studies of alkylation, isomeriza- 
tion, catalytic cracking, and other operations for 
motor-gasoline production. 

It is recognized that it is not possible to present 
firm figures applicable to every refiners situation, 
since plant investment and operating cost, product 
yields and qualities, and charge stock and product 
values vary widely. However, by averaging typical 
data for each process, and prorating direct and in- 
direct charges, it is possible to set up curves showing 
value of product from each process as a function of 
plant capacity, and charge stock cost. Refinery over- 
head and management charges, and taxes and interest 
are not considered in this study, since they vary 
widely through the industry. With the understanding 
that the calculated figures are relative rather than 
absolute, it is then possible to draw some conclusions 
regarding utility of each wartime process in peace- 
ume operations. 

Following are the basic figures used or considered 
in these comparative studies: 


Direct Costs 
Labor 


Operating Labor 
Direct Supervision 
Maintenance 


1.30/man-hour 
25% of operating labor 


3-5% of plant investment per year 








Utilities 


Steam (High pressure) $0.18/1000 pounds 


Steam (exhaust) $0.08/1000 pounds 
Power $0.005/kw. 

Fuel $0.13/Million BTU 
Cooling Water $0.005/1000 gallons 
Treated Water $0.05/1000 pounds 


Market or manufacturers’ prices 
Estimated licensors’ “running” basis 


Chemicals 
Royalties 
Indirect Costs 
Depreciation 
Charge Costs and Products Values 
Propane-Propene 
Butane-Butene 


Pentane-Pentene 
Virgin Gas Oil 


20% of plant investment per year 


2-6c/gallon 
2-6c/gallon 
2-6c/gallon 
$1.25/barrel 


Catalytically Cracked Gas Oil $ .90/barrel 
Housebrand Gasoline (79 ASTM octane) 6c/gallon 
Premium Gasoline (86 ASTM octane) 7-7'\%4c/gallon 
Tetraethyl lead (including leading cost) $0.002/ce 


Alkylation 
Alkylation of olefine with isoparaffins to form high- 
octane-gasoline components is not strictly a “war- 
time” process. The first commercial unit started 
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operations in 1938, but by far the majority of the 
present 60 plants (sulfuric acid and HF acid 
processes) were constructed during the war. The 
alkylation process contributed significantly to the. 
100-octane-aviation-gasoline program with alkylate 
production reaching about 130,000 barrels per day.* 
Applicability of the process to postwar motor gaso- 
line operation is, of course, dependent on competitive 
economics. 

Figure 1 presents typical calculated alkylate gaso- 
line costs as a function of alkylation-plant capacity 
and raw-material cost. 


DIRECT + DEPRECIATION 
+ CHARGE AT §$.06/GAL. 


DIRECT + DEPRECIATION 
+ CHARGE AT $,04/GAL. 


DIRECT + DEPRECIATION 
+ CHARGE AT $.02/GAL. 


DIRECT COST + 
DEPRECIATION AT 


DIRECT CosT 


ALKYLATE GASOLINE COST, DOLLARS PER GALLON 





0 1000 2000 3000 4000 5000 


PLANT CAPACITY AND PRODUCTION, 
BARRELS PER DAY 
FIGURE 1 


Typical alkylate gasoline costs as a function of plant capacity 
and charge cost. 


The following data, abstracted from Figure 1 sum- 
marize costs for two “extreme” conditions: 























Alkylate Cost-Cents per Gallon 
Small Refiner haste Reta 
(5,000 BPD+ | (3¢,000 BPD+ 
Crude 500 Crude 2,500 
BPD+ BPD+ 
Alkylate) Alkylate) 
| Pen ee ee er TEE IE 3.3 2.6 
Direct Cost plus Depreciation (@ 20 percent)............ F 49 3.8 
Direct Cost plus Depreciation plus charge (@ 2¢ per gallon) 1 . 6.3 
Direct Cost plus Depreciation plus charge (@ 4¢ per gallon) 9.9 8.8 
Direct Cost plus Depreciation plus charge (@ 6¢ per gallon) 12.4 11.3 








With alkylate in average blends of 79 ASTM regu- 
lar and 86 ASTM premium gasolines carrying a lead 
credit of 3-4 cc. per gallon (0.6-0.8 cent per gallon) 
and with refinery net-backs of 6 cents per gallon and 
? cents per gallon respectively for tegular and pre- 
mium gasolines, it is possible for even a relatively 
small refiner to produce alkylate economically for 
premium gasoline provided the charge stock to the 
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process is worth 2 cents per gallon ($0.84 per barrel) 
or less. A large refiner probably could blend this 
alkylate to 6-cent regular gasoline. This would in 
general, limit the olefin charge stock to excess butenes 
ned those which the refiner can use directly in 
motor gasoline as limited by vapor pressure specifi- 
cations, and to propene. Similarly, isobutane from 
natural gas and gasoline and cracking operations (at 
about 2 cents per gallon, where so available) rather 
than isobutane synthesized from normal butane is 
called for. Since the operation is close to marginal, 
detailed study of each individual case is required. 


Butane Isomerization 

Isomerization of normal butane to isobutane is a 
process closely related to alkylation, since it provides 
a means for augmenting the supply of isobutane 
where this material is not available in sufficiertt 
quantity from natural gasoline or refinery ‘stocks to 
meet alkylation requirements as determined by olefin 
availability. The first commercial butane isomeriza- 
tion unit started operation in 1940; by far the major 
number of units were installed during the period 
1941-1945. 

Figure 2 presents calculated costs of isobutane as 
a function of plant capacity and normal butane charge 
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cost. These figures are averages of typical isomeriza- 
tion plant costs and should not be construed as 
rigorous nor necessarily applicable to any particular 
process or installation. However, they indicate gen- 
erally the economics of the process. For example, 
refiners contemplating the operation of alkylation 
plants for the production of motor gasoline com- 
ponents, and faced with a shortage of isobutane, 
could produce isobutane from available normal butane 
in field and refinery stocks at the following approxi- 
mate costs: 





———— 
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Small Refiner Refiner 





(5,000 B/D+ | (30,000 B/D+ 
Crude 300 Crude 1,500 
B/D+ B/D+ 

Isomerization) | Isomerization) 
Piet pee POD Oe ap ee eee aces nad ut 4 2 
irect Cost plus Depreciation (at Mesias sdeandca J .6 
Direct Cost plus Depreciation plus Charge (@ 2¢ gallon). 4.0 2.6 
Direct Cost plus Depreciation plus Charge (@ 4¢ gallon) 6.0 4.6 
Direct Cost plus Depreciation plus Charge (@ 6¢ gallon). 8.0 6.6 











Referring to Figure 1 for alkylate gasoline costs, 
it will be noted that each 1.0 cent per gallon increase 
in charge stock cost raises the alkylate product cost 
about 1.25 cents per gallon. If alkylation plant olefin 
charge and normal butane are both available at 2.0 
cents per gallon, the isobutane produced by isomer- 
ization for reaction (with olefin to form alkylate) will 
cost 2.6-4.0 cents per gallon and the average charge to 
alkylation plant will cost 2.3-3.0 cents per gallon (on 
the approximate basis of equal volumes of isobutane 
and olefin reacting). The alkylate gasoline will, there- 
fore, cost 0.38-1.25 cents per gallon more than if 2.0- 
cent-per-gallon isobutane were available from field 
sources or cracking, 

From the above it appears that butane isomeriza- 
tion is a marginal operation, and its applicability a 
function of isomerization- and alkylation-plant ca- 
pacities, extent of amortization of each, cost of field 
or refinery butane as related to fuel-gas and liquefied- 
petroleum-gas market prices, and outlet for alkylate 
(in aviation, premium, or regular motor gasolines) 
and hence value of alkylate. 


Pentane Isomerization 


Commercial isomerization of normal pentane to 
produce isopentane is truly a wartime process; the 
first unit starting operation in 1944."* 

Figure 3 presents calculated economics for the 
process. As in the case of butane isomerization, there 
are a number of processes available, each with char- 
acteristic features and economics so that the cost 
information of Figure 3 is necessarily a rough aver- 
age only, and not necessarily applicable to any par- 
ticular process or refinery situation. 

Figure 3 indicates refiners processing about 5,000 
and 30,000 barrels per day of crude oil respectively 
can produce isopentane at the following approximate 
costs: 
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Small Refiner | Large Refiner 
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Direct Cost plus Depreciation plus charge (@ 6¢ gallon). . 8.6 7.15 











With 79 ASTM housebrand gasoline at a refinery 
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charged to the process at a value of 5.7-5.9 cents per 
gallon (account lead penalty) a large refiner can con- 
sider pentane isomerization since isopentane can be 
produced at a cost ineluding depreciation, in the 
neighborhood of 6.9 cents per gallon, which is about 
the calculated refinery net-back for 6-cent regular 
grade gasoline plus lead credit for the high-octane of 
isopentane. In a typical premium blend the normal 
pentane is worth about 6.4-6.6 cents per gallon, the 
resultant isopentane costs about 7.6 cents per gallon, 
is worth about 7.9 cents per gallon, and the economics 
are more favorable. 

The above figures are altered when including a 
penalty for vapor pressure. For example, normal 
pentane and isopentane have vapor pressures of 15.5 
psi and 21.0 psi respectively. Each volume of normal 
pentane can, therefore, carry about .15 volume of 
normal butane and the mixture have a vapor pressure 
of 21.0 psi. The isopentane product therefore carries 
a penalty 0.3-0.6 cent per gallon (depending on butane 
value) for volume reduction in “gasoline-plus-butane” 
that can be made without exceeding vapor-pressure 
specifications. On this basis, the isomerization 
process can be operated with about a five-year write- 
off if daily plant capacity and production are of the 
order of 1200, corresponding to a 20,000-30,000-barrel 
refinery as defined in this paper. Detailed studies of 
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each individual case must, of course, be made. The 
same general concepts apply to isomerization of 
heavier components such as hexanes and heptanes. 
While commercial operation of the latter process has 
not been as extensive as have butane and pentane 
isomerization, it is possible that future developments 
will prove that these are economical methods for 
octane improvement. 

It should be noted in this connection that at the 
present time all of the isomerization processes require 
relatively pure charge stocks and the cost of prepara- 
tion of same has not been included in the cost of 
Figure 3. Thus, it is not possible for a refinery to 
charge a cracked C, fraction containing isopentane, 
normal pentane and pentenes. Normal pentane and 
isopentane can be charged together, but the C, frac- 
tion from cracking operations must be processed, as 
in an alkylation plant, to remove the olefins prior to 
isomerization. The economics of pentane isomeriza- 
tion are, therefore, closely related to the overall 
economics of the particular refiner, including his 
alkylation plant capacity and the cost of operation at 
various production rates. 

Isomerization of pentane, hexane, and heptane as 
an adjunct to natural-gasoline processing appears to 
warrant consideration provided sufficient charge 
stock is available at a central point. Thus, if normal 
pentane is present in natural gasoline to the extent 
of 15 percent, and a 1000-barrel pentane isomerization 
plant is considered as an economic minimum, the 
isomerization process would be applicable to a natu- 
ral gasoline plant handling some 280,000 gallons per 
day of casinghead. 


Catalytic Cracking 


Catalytic cracking, of which about 1,000,000 barrels 
per day potential charge capacity was installed dur- 
ing the war, represents the major industry invest- 
ment, and the prime factor is determining industry- 
wide. average octane rating of motor gasolines be- 
cause of the relatively high ratio of catalytic-cracking 
capacity to crude-oil-distillation capacity. As is well 
known from published information on the various 
catalytic-cracking processes, each has characteristic 
technological and operating features which show up 
in product yields and qualities, investment costs, and 
operating costs. Furthermore, economics of catalytic 
cracking are, of course, related not only to size of in- 
stallation, but to type of charge stocks available, 
number and quality of products other than motor 
gasoline that it is desired to produce, availability of 
means (such as alkylation or polymerization) for 
utilizing light fractions (gas,  propene-propane, 
butene-butane, etc.) refinery utility balances and 
costs market demand and prices for gasoline, dis- 
tillate, and residual products, and competitive gaso- 
line quality level.*” 

In a general paper of this type, it is not the inten- 
tion to cover all the above points, but rather to illus- 
trate the general economic applicability of catalytic 
cracking. Using typical data for recycle cracking 
California stock (50-60 percent yield), the attached 
Figure 4 has been prepared to show the calculated 
cost of catalytically-cracked gasoline as a function of 
reactor fresh-feed capacity and throughput. The fol- 
lowing basis for charge and credits was used: 

Gasoil charge $1.25 per barrel 

Catalytic fuel oil .90 per barrel 

Butanes .84 per barrel (2c per gallon) 

Dry gas (C; and lighter) .13 per million BTU’s 

The following approximate costs for debutanized 
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(95-ASTM-octane blending value) to the extent of 
8-12 percent of the debutanized catalytic gasoline is 
recoverable by polymerization of C, and C, unsatu- 
rates. As an alternative, alkylation of these olefins 
can be practiced with considerations discussed in the 
section on “alkylation” applying. 


Catalytic Polymerization 


Although not in a category of a wartime process, a 
number of catalytic polymerization plants were con- 
verted to production of certain essential products 
during the war period, such as selective polymer and 
codimer (for ultimate hydrogenation and inclusion 
in aviation gasoline as hydrocodimer) and cumene. 
With the coming of peace, most of the 100 or more 
catalytic polymerization plants are reverting to their 
prewar operation of non-selective polymerization of 
C, and C, olefins for motor gasoline production. 

Since, as noted above, catalytic polymerization 
fits in well with most catalytic cracking operations 
a tabulation of typical calculated costs of butane- 
free polmer gasoline are presented below: 
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Basis: Recycle cracking. 
Gasoil charge: California wide-boiling. 
Gasoil at $1.25 per barrel. 
Butane product at 2 cents per gallon. 
Dry gas (C; and lighter) at 13 cents per 
MM Btu LVH. 
Catalytic fuel oil at 90 cents per barrel. 
Product recovery included. 


FIGURE 4 


Typical catalytically cracked gasoline costs as a function 
of plant capacity. 


catalytically-cracked gasoline are summarized from 


Figure 4. 








Gasoline Cost, Cents per Gal. 





“Small Refiner Large Refiner 








Direct Cost... . : 1.1 0.6 
Direct Cost plus Depreciation (at 20 percent) 2.5 13 
Direct Cost plus Depreciation plus charge less by-product 

j See - - sean , 44 


credits. . 








The catalytic cracking operation is shown by the 
above figures to be attractive, since even when using 
conservative charge cost and by-product credits, the 
78-82 octane catalytic gasoline can be produced at a 
cost including depreciation below the 6.0 cents per 
gallon net-back for 79-octane regular gasoline used in 
this study. Furthermore, the catalytic gasoline can be 
leaded to 86 ASTM premium grade (at a refinery net- 
back of 7 cents per gallon) with about 0.6-1.0 cc. 
tetraethyl lead per gallon (raising the gasoline cost 
only .12-.2 cent per gallon) as compared to the maxi- 
mum of 75-79 octane that can be reached by heavy 
leading (2-3 cc. per gallon) of thermally-cracked or 
reformed stocks. 

In addition to the catalytic gasoline, catalytic 
cracking operation under recycle conditions usually 
produce C, and C, cuts rich in unsaturated hydro- 
carbons, and hence desirable as feed stock to poly- 
merization or alkylation plants. Polymer gasoline 
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The above costs include cost of H,S removal from 
the charge stock. The charge cost is, of course, 
variable, depending upon particular refinery stock 
balances and product market prices. 

With tetraethyl-lead credit for octane, (0.8-1.0 
cents per gallon in typical blends) and with credit 
for additional butane which can be carried in the 
gasoline along with the polymer gasoline, polymeri- 
zation can be considered an economical process, even 
for the small refiner, with 2 cents per gallon charge 
stock. With 3 cents per gallon charge stock, the 
polymer costs about 8 cents per gallon and the proc- 
ess becomes marginal in comparison with direct sale 
of the charge as, say, liquified petroleum gas. Proc- 
esses such as polyforming and gas reversion also are 
available for converting these fractions to motor 
gasoline by thermol means, usually in conjunction 
with naphtha reforming. 

















Catalytic Reforming (Hydroforming) 

Prior to the war, there were three hydroformer 
installations, and during the war five additional 
plants were placed in operation, primarily for the 
production of toluene. Because of the relatively small 
number of plants, each more or less of special design, 
it is difficult to make generalized economic state- 
ments regarding the process. However, the following 
figures are believed representative for a 5000-barrel 
plant processing low-sulfur virgin naphtha: 

Direct cost of hydroformed gasoline 1.0c per gallon 

Direct cost plus depreciation (@ 20%) 1.6c per gallon 

Direct cost plus depreciation plus charge 

($2.10 per barrel) less by-product credits 7.7c per gallon 

Considering %6-ASTM-octane housebrand gasolin¢ 
and 86-ASTM-octane ethyl gasoline market prices as 
6.0 cents per gallon, and 7.0 cents per gallon, respec 
tively, indicates that the hydroforming process cam 
be considered only as marginal with charge stock at 
5 cents per gallon (account lead penalty), Certain 
conditions peculiar to an individual refiner such as 
low-value charge stock may alter this picture. How 
ever, since the economics of the 5000-barrel installa- 
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tion are questionable, it is significant that at the 
present stage of process development, smaller units 
such as those associated with a 5000-barrel refinery 
would in all probability, be uneconomical. The basic 
concept of selectively altering the molecular struc- 


ture of compounds present in gasoline with high’ 


yield is sound, and technological and economic ad- 
vances can be expected. 


Summary 

As an indication of the relative utility of the vari- 
ous wartime refining processes in peacetime opera- 
tion, the following figures, drawn from the above 
discussion, are pertinent: 

1. Assuming prewar operations involved the production of 
gasoline from the 31° API Los Angeles Basin refining crude 
by distillation, reforming, and cracking, this gasoline might 
represent about 40 percent of the crude and consist of the 
following: 


Vol. % 
Light straight-run 22.4 
Reformate 26.2 
Cracked gasoline 46.6 
Butanes 5.8 
100.0 


The above blend has a calculated clear ASTM octane of 
71.0, and a lead susceptibility such that 79.0 octane is reached 
with 1.3 cc TEL per gallon. 

2. Alkylation of all C; and C, olefins from reforming and 
cracking might increase the volume of the gasoline 25 ner- 
cent (10 percent on crude) and increase the clear ASTM 
octane of the blend about 3.8 points. The incremental gasoline 
would cost 6.5-7.5 cents per gallon with 2 cents per gallon 
charge stock. 

3. Pentane isomerization would not increase the gasoline 
yield but would raise the clear ASTM octane of the blend 
about 2.0 points. The isopentane would cost 7.0-8.4 cents per 
gallon. 

4. Catalytic cracking replacing thermal cracking at no in- 
crease in gasoline yield (conservative basis) would increase 
clear ASTM octane of the gasoline blend about 5.5 points. 
Designing for maximum yield by catalytic cracking might 
increase gasoline yield from the refinery 25 percent (10 per- 
cent on crude) and the clear ASTM octane of the gasoline 
blend about 6.5 points. The catalytic gasoline would cost 
44-5.9 cents per gallon. 

5. Polymerization of C; and C, olefins might increase gaso- 
line yield 10 percent (4 percent on crude) and increase the 
clear ASTM octane of the blend about 2.5 points. The 
polymer gasoline would cost 4.7-6.5 cents per gallon with 
2cents per gallon charge stock. 

6. Catalytic reforming (hydroforming) replacing thermal 
teforming might increase the gasoline yield about 5 percent 
(2.0 percent on crude) and raise the clear ASTM octane of 
the gasoline blend about 6.0 points. This gasoline would 
cost 7.7 cents per gallon or more. 


Conclusions 

It should be again emphasized that it is not pos- 
sible in a paper of this type to draw universally 
applicable conclusions, and that a process definitely 
uneconomical for one refiner may be economical for 
another because of financial, technological, or mar- 
keting features peculiar to him. The calculated costs 
presented in this paper are of necessity based on 
averaged factors for labor, maintenance, utilities, 
chemicals, and plant investment; plants designed 
specifically for individual applications may therefore 
show costs appreciably different from those pre- 
sented herein. Furtherrhore technological advances 
will certainly improve the economics of all processes 
which are, by nature, of utility and hence maintained 
in operation and is a continuous state of development. 

Based on the process reviews of this paper, and 
bearing in mind the above qualifications, the follow- 
ing general conclusions can be drawn with regard to 
the peacetime utility of wartime refining processes: 

1. The most generally applicable refining tool 
commercialized during the war is catalytic cracking. 
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(a) It produces high yields of high-octane gasoline (un- 
attainable by thermal reforming or cracking) from low- 
valued stocks. 

(b) It produces relatively high yields of C,; and CG, un- 
saturates which can be processed by alkylation or polymeriza- 
tion to supplement the yield of catalytic gasoline. 

(c) While gasoline quality measured by ASTM octane is 
high, of greater significance is the wide spread between 
ASTM and Research octane (the latter running 8-12 points 
above ASTM). This is generally indicative of superior road 
performance of the fuel, which is the true measure of fuel 
quality” and which is destined to become a prime factor in 
competitive sales. 

(d) Investment and operating costs for small units are 
not disproportionately high per unit of charge or product. 

(e) In certain cases, existing thermal cracking furnaces 
and towers can be utilized, to minimize investment. 


2. Thermal or catalytic polymerization of C, and 
C, unsaturates otherwise disposed of to fuel gas or 
low-priced liquified petroleum gas is, as before the 
war, an economical operation for virtually all re- 
finers conducting cracking operations. 

3. Alkylation of C, and C, unsaturates and iso- 
butane to the extent that they are available in excess 
of specification-vapor-pressure gasoline (and hence 
disposed of to low-priced fuel gas) is economical for 
large refiners and marginal for small refiners. Alkyla- 
tion of materials such as pentenes charged in at 
adjusted gasoline values does not appear justifiable 
for motor-gasoline production but may be economi- 
cal in large-scale operations for production of avia- 
tion fuel. 

4. Isomerization of normal butane to isobutane for 
subsequent use in alkylation is justifiable economi- 
cally only if field or refinery isobutane costs 1-2 cents 
per gallon more than normal butane, and alkylate 
produced therefrom is incremental and hence of low 
unit cost. 

5.- Isomerization of normal pentane to isopentane 
for octane improvement is economical only where 
suitable normal pentane charge can be easily segre- 
gated (as from straight-run gasoline) and in rela- 
tively large capacity units. This process, together 
with C, and C, isomerization appears potentially ap- 
plicable to large natural gasoline plants, especially if 
they are operated in conjunction with crude-oil- 
refining facilities. Isomerization processes may be of 
value in the production of special aviation superfuels. 

6. Hydroforming, in the present stage of develop- 
ment, does not appear economically justifiable for 
up-grading octane of naphtha for motor fuel, but 
may be suitable for certain specialized operations 
such as aromatic chemical production. 

It is certain that the accelerated progress in re- 
fining technology made under the pressure of war 
will continue. Processes developed in the past few 
years will be further improved while the knowledge 
and experience gained will lead to new processes. 
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‘Lue purpose of this paper is to show the effect 
on fuel oil quality and supply of the operation of the 
catalytic cracking units built in the United States, 
during the war. In particular, the resulting change in 
distillate fuel oil characteristics and its possible in- 
fluence on domestic burner design will be discussed. 

There are, at present, 96 units of 1,070,000* barrels 
per stream day catalytic cracking capacity built or 
building in the United States. All but 14 units, or 
190,000 barrels per stream day of capacity represents 
new installations since January 1, 1942. The increase 
of 880,000 barrels per stream day represents new 
cracking capacity, since relatively minor amounts of 
conversion and obsolescence of thermal units have 
been made up by additional thermal capacity. The 
preferred charge for these units is obtained from the 
middle fraction of crude, although heavier fractions 
can be included if economics allow. Cracked products 
in the light distillate range will be about 40 percent 
for light charge but will decrease as charging stocks 
are made heavier. 

From the middle fraction of crude and its refinery 
products are also derived three major finished prod- 
ucts: (1) kerosine, (2) home-heating oils, and (3) 
diesel fuels and other miscellaneous. These may: be 
separated from virgin crude or from equivalent frac- 
tions of the cracked products obtained in the pro- 
duction of gasoline. 


Kerosine and light diesel fuels consist, at the pres- 
ent time, almost exclusively of virgin or straight-run 
material. If they remain so, their quality will be little 
affected by changes in the extent or kind of cracking 
utilized in refining. However, the same fractions, 
from which kerosine and diesel fuel are derived, also 
are suitable charging stocks for cracking to produce 
gasoline. Hence, the total kerosine or diesel-oil out- 
put might be reduced if the economic value of kero- 
sine or diesel fuel as cracking stocks became competi- 
tive with the existing price of these materials as such. 
_ » In the case of home-heating oils, the situation is 

quite different. These fuels may be composed of 
either cracked or virgin distillates. In order to un- 
derstand the effect of the new catalytic-cracking 
equipment on these fuels, it is advisable to review the 
prewar types of fuel and the various types of domes- 
tic burners. This consideration will omit the uses of 
kerosine, wholly or partly refined, in such equipment 
as wick-burning incubators or sleeve-type blue-flame 
portable space heaters, kitchen water heaters, cook- 





* Our estimate based on references 1 and 2 of bibliography and 


data from Houdry Process Corporation. 
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ing ranges, etc. It will consider primarily central 
heating systems and the larger-size space heaters. 

The present U. S. commercial standards CS-12-40 
set up three classes of distillate fuels with basic 
specifications as shown in Table 1. 

In these specifications there are no gravity limita- 
tions. Since API gravity, for any given boiling range, 
is a characteristic of the fuel which is roughly indica- 
tive of its chemical composition and which in turn 
has a bearing on the burning quality, mention of 
gravity will be made in this discussion. 

The hydrocarbon constituents of distillate fuels 
which have the highest API gravity are the paraf- 
fins. Next in order are the olefins and naphthenes and 
the lowest in gravity are the aromatics. For this rea- 
son a straight-run product of a given boiling range 
from a given crude will have a high API gravity com- 
pared with a cracked product which contains less 
paraffins and more of the other three classes. 

The carbon-to-hydrogen ratio of the fuel normally 
increases as the gravity decreases. Also, as the grav- 
ity decreases, the rate of combustion of the fuel de- 
creases and the length of the flame consequently in- 
creases. On the other hand, the Btu’s per gallon in- 
crease with decreasing gravity. Provided, therefore, 
that the difficulties of flame length*can be overcome 
by burner design and adjustment, the lower-gravity 
fuel is the better fuel for the consumer. 

The No. 1 fuel has been commonly a low-boiling 
straight-run distillate; and it has been common prac- 
tice, in many sections of the country, to make this 
product identical, or nearly so, with kerosine. Gravity 
has probably averaged about 38-44 degrees for this 
product. 

The No. 2 fuel was formerly either a straight-run 
gasoil cut to the proper specifications or a mixture 
of this with thermal-cracked gasoil. While immedi- 
ately prewar, it may have averaged about 35.0 grav- 
ity, there was a great deal sold- with gravities as 
high as 38.0. Some burners for No. 2 fuel have been 
designed for this high-gravity, easy-to-burn fuel, and 
many more have been adjusted to it. In such cases, 




















TABLE 1 

GRADE No. 1 No. 2 No.3 
Distillation Temperatures: 

10 percent, degree F. maximum.......... inen 410 440 - 

90 percent, deg. F. maximum. ..... re eee te 600 675 

F. minumum..... Coe S FORTE GuNd ss: 600 

End point, degree F. maximum... ....... 560 we onl 
Carbon residue, percent maximum....................} ...... i 0.15 
Carbon residue, on 10 j wmaceny residue, percent maximum 0.05 0.25 hinel 
8. U. viscosity at 100 degrees, maximum.............. | eee ae 45 
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the customer must select high-gravity No. 2 fuel to 
get proper results. 

No. 3 fuel was originally a highly-cracked, low- 
gravity feul and had the attendant advantage of 
higher heat content in those burners which were 
especially designed to burn it. 

Aside from heating, the other major use of dis- 
tillate fuel is for diesel engines. While this paper is 
primarily concerned with the effect of war changes 
on household-heating fuels, the conclusions will also 
affect diesel fuels. It must, therefore, be recognized 
that the cracked fuels of low gravity have lower 
cetane numbers than the straight-run, high-gravity 
fuels, which have constituted very largely the fuels 
for the high-speed diesel engines. 


Domestic Burners Classifications 


Domestic burners may be divided into two basic 
types and several sub-classifications as indicated be- 
low: 











Domestic Burners 
for central heating systems 
(with fuels required) 


Vaporizing Type Atomizing Type 








as os ee 





Natural Draft Forced Draft Vertical Gun 
No. 1 fuel oil No. 1 or 2 fuel oil Rotary 
No. 1 or 2 
| a 
Pot Type Vertical 
No. 1 or 2 Rotary High Pressure § Low Pressure 
. No. 1 or 2 No. lor3 fuel atomization 
No. 3 or No. 2 
fuel oil 











Vaporizing Burners 


Vaporizing burners rely on vaporization of fuel 
before combustion and are in reality, therefore, gas 


TABLE 2 


Estimates of U. $. Average Number of Central Heating Type 
Burners in Use and Oil Consumption Annually from 1921 to 1950 

















Average Number | Oil Consumption—in Barrels 
| of Burners 
YEAR Operating Barrels Per Burner 
MUL. vido stks deeb bee 12,500 600,000 48.00 
es ; st ke 21,500 1,040,000 48.37 
RSE sce 58,800 2,820,000 47,96 
ee J, se 101,800 | . 5,020,000 49.31 
1925. 181,500 | 8,830,000 48.65 
NT ae EY 186,275 9,715,000 52.15 
OU, das ona ot per udd aah etaae 233,250 12,850,000 55.09 
1928 sete be Seda 310,575 17,203,000 55.39 
1929. a hace aeeee skwheae cote ; 416,180 23,147,000 55.52 
1930 eet 606,300 28,769,000 47.45 
1931 712,950 31,020,000 43.51 
1932 799,940 36,189,000 45.24 
1933 pe 876,150 41,897,000 47.82 
1934 963,670 42,575,000 44.18 
BRE Seine ie 1,083,120 797,000 50.07 
1936 1,246,400 69,429,000 55.70 
1937 1,435,610 81,235,000 56.59 
SL . Aas 1,599, 1 82,388,000 51.52 
1939 1,765,040 97,131,000 55.03 
1940 1,998,730 115,533,000 57.80 
1941 2,268,590 120,908,000 53.30 
1942 2,394,180 121,506,000 50.75 
RR 2,385,37 107,962,000 45.26 
1944 (Est.) 2,417,185 109,406,000 45.26 
1945 2,532,410 130,841,000 51.67 
1946 2,739,910 137,061,000 50.02 
1947 2,989,910 145,509,000 48.67 
SRR eee ae =: 3,239,910 154,050,000 47.55 
Ree 3,489,910 162,613,000 46.60 
BD ... cs uaa gcaets pubs deat 3,739,910 172,784,000 46.20 











Estimates of Sun Oil Company statistical research department, based 
Won data presented by S. B. Eckert and Arthur E. Pew, Jr., at 
American Petroleum Institute Houston meeting, November, 1932, and 
data published in ‘Fuel Oil and Heat,’’ and by the Oil Heat Institute. 
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burners. Because of this, light fuels, such as charac- 
terized by No. 1 specifications, are most suitable and, 
in fact, necessary where no mechanical draft is used. 
Some of the latter types will operate on No. 2 grade 
with proper adjustments. 


Atomization Burners 


To satisfactorily use heavier and less volatile fuels, 
atomization of the oil and mixing with air before en- 
tering the combustion zone is necessary. This may 
be accomplished in a variety of ways, as indicated, 
but where the atomization and mixing is efficient, 
the necessity for high volatility disappears and the 
only volatility requirement is for sufficient front-end 
volatility to insure proper starting of the flame. 

In the five-year prewar period, the sales of oil 
burners were distributed, as follows, over the various 


types :* 
Ve S506 sae GES 10.8 percent 
Vertion! Conary 6.6 608 i. 8t 11.0 percent 
Low pressure gun ............. 6.2 percent 
High pressure gun ........... 71.7 percent 
MEISCOTEERGOES. OSs 0 5.0 soc Cio 0.3 percent 


In order to judge the magnitude of the effect of 
the new catalytic equipment, it is also necessary to 
discuss prewar and future demand for middle frac- 
tions. 

In 1941, the domestic demand’ for kerosine, home- 
heating oils, diesel fuel, and miscellaneous distillate 
was 664,000 barrels per day from a crude run of 3,- 
860,000 barrels per day. The breakdown into various 
classes was: 


Distillate Demand in 1941 


ik sie aaa ee 190,000 barrels per day 
... 341,000 barrels per day 
... 133,000 barrels per day 


664,000 barrels per day 

This figure for home-heating-oil consumption cor- 
responds to a figure of 2,268,000 burners in operation 
in 1941. It is estimated that in 1950, the number of 
operating burners will be 3,740,000 and their fuel oil 
consumption 473,000 barrels per day. (See Table 2.) 

If diesel oil and kerosine were, and must continue 
to be, composed of virgin stock and the home-heat- 
ing oils contained about 25 percent* of cracked mate- 
rial in 1941, there was then available only 75 percent 
of 341,000 or about 250,000 barrels per day of virgin 
stock in this boiling range suitable for charge to 
catalytic cracking. This amounts to 6.5 percent of the 
crude. It compares with a present 963,000 barrels per 
calendar day catalytic charge capacity, 25 percent of 
the 1941 crude run. 

The refiner must turn to fractions heavier than the 
No, 2 furnace oil boiling range and to recycling of 
catalytic gasoil to find the charge for all existing cata- 
lytic units. 

This will have several important effects on refin- 
ery products: 

1. More cracked No. 2 fuel oil will be produced 
from heavier stocks than was made from charging 
the same stocks to thermal units and it will be of 
lower API gravity than that produced from charge 
in the No. 2 fuel boiling range. 

2. The residual fuel output will be materially less 
because of the substitutions of catalytic for thermal 
cracking. 

3. The recharging of once cracked No. 2 fuel will 
result in a No. 2 fuel of even lower gravity. 

It is obvious from the above that if the volume de- 
mand for high-quality motor gasoline requires the 


Kerosine E 
Home-heating oils 
Diesel and others 
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running of all catalytic equipment or any major part 

of it, the gravity of No. 2 fuel oil will decrease mark- 
edly. This will come about either by the use of all 
available virgin No. 2 as catalytic charge or because 
of the low-gravity No. 2 resulting from a heavier 
charge. 

This fact may also be inferred from the excellent 
analysis of Moore, and Elder.* Moore and Elder 
analyzed the effects of 863,000 barrels per calendar 
day of new catalytic capacity (as of June, 1943) and 
showed that when making the same quantity of fur- 
nace oil and gasoline, as in 1940, 40-50 percent of 
both catalytic and thermal equipment in the United 
States would be idle on a crude run of less than 
3,555,000 barrels per day. Under these conditions, 
furnace oil would consist of more than 50 percent 
cracked products. 

Such a situation is, of course, purely hypothetical, 
since the demand for the higher-quality motor fuel 
and larger amounts of distillate fuel obtained by 
catalytic cracking will give a refiner every impetus 
to keep in operation his catalytic cracking units in 
preference to the thermal equipment. Crude runs, 
too, will probably not again reach as low a level as 
in 1940 and will remain above a 3,800,000 minimum. 

It is evident from the above that furnace oil in 
the postwar period will be composed almost com- 
pletely of catalytic distillate, except for such quan- 
tities as will bring the refiner sufficiently high price 
to justify its removal from catalytic cracking stocks. 
This catalytic distillate fuel is clean, stable, and non- 
corrosive to burner parts with which it is brought in 
contact. It has a higher heat of combustion per gal- 
lon of fuel. It is superior in these qualities to ther- 
mally-cracked distillate, of which a _ considerable 
quantity was blended in No. 2 furnace oil, prior 
to the war.‘ 

Catalytic distillate has, as pointed out above, a 
lower API gravity and higher carbon-to-hydrogen 
ratio than virgin stock. The lowering in gravity oc- 
curring during the cracking process depends upon 
factors, such as the severity of cracking and nature 
of charge stock. In general, however, the decrease in 
gravity for the same boiling range in the charge is 
from 4-5° API under average conditions of plant 
operation. This is shown in Table 3. 

When catalytic charging stocks contain only frac- 
tions boiling above the No. 2 fuel range (residual 
fuel) the gravity of the resulting cracked No. 2 fuel 
can be expected to be even lower than that obtained 
in cracking virgin No. 2. The gravity of cracked No. 
2 from residual fuel, under average conditions, is 
usually equal to or lower than that of the charge, 
as is indicated in the following example of an oper- 
ation under mild conditions. 








Charge | Product 





} 
Gravity, degree API.. 28.8 29.3 
Distillation, 10 percent. . . 580 440 
80 percent... | 70 510 
90 percent 865 600 








Cracking light catalytic gas oil also produces No. 
2 of lower API gravity. There are meager data 
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1 2 3 4 5 b 
Charge gravity, degree API: 
nap ae ste RF aie 32.5 32 31.2 33.8 31.4 36.2 
UIT ik Sesun nos cseeuctSs 33.7 36 33.6 36.8 34.7 37.2 
Distillation, 10 percent.......... 455 455 480 440 428 460 
eee 530 535 549 504 592 527 
BSR 660 660 667 590 663 608 
No. 2 product, ‘See ivaditied 29.5 32 29.5 31.7 29.1 32.9 
istillation, 10 percent.......... 460 445 475 440 492 482 
50 percent.......... 510 475 510 460 507 505 
: 90 percent.......... 490 585 550 
Gravity API of No. 2 in charge, 
minus gravity API of cracked 
Diaiwsdh patie cceaanedeeseds 4.2 4.0 4.1 5.1 5.6 43 























* Fraction in charge of same 50 percent boiling point of product calculated by means of 


oe 4s + constant. 

(E. A. Jae’ . Oil and Gas Journal, March 21, 1935.) 
G = B + (68 — .703 B) Log T 
Distillation data from misce!laneous sources. 


available since wartime operation of catalytic units 
required maximum production of aviation base stocks 
which could be obtained only from virgin fuel. It 
appears that the lower gasoline and gas yields and 
higher coke obtained from recycle gasoil results in 
considerably less drop in gravity when burning in 
the unit the same total catalyst deposit. The limited 
information points to about one-half the gravity drop 
in the production of 75 percent as much motor gaso- 
line as from virgin stock, or 2° API. 

As others** have pointed out, the octane quality of 
catalytic motor gasoiine is maintained throughout 
the heavier fractions which is not true of thermal or 
straight-run gasoline. A catalytic refiner will, thus, 
strip from the light end of No. 2 fuel fractions for in- 
clusion in gasoline which formerly were allowed to 
go to No. 2 fuel. This will result in an increase in 
the 10 percent distillation point of the fuel oil. 

The result of all of these factors will, in our opin- 
ion, give a No. 2 fuel oil in the future of the following 
properties: 


APE Gravity ....:.... oF ace ae 28-30° 
10 percent Distillation.............. a 2 
90 percent Distillation.............. 585° F. 


The operation of existing burners and those to be 
manufactured in the future on this type of fuel is 
being actively studied. The results of this study will 
be of great importance to both burner manufacturers 
and the refiner. Since furnace oil must compete with 
coal and gas on one hand and, as potential charge 
stock, with gasoline on the other, the ability to 
operate on the fuel specified above is necessary to 
retain its present competitive position and expand 
future sales of both burners and fuel. 
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- technical advances made during the war 
years, climaxed by the impact of the atomic bomb, 
give flight to the imagination and lend plausibility 
to the bizarre adventures experienced by even the 
most imaginative characters of fiction and the comics. 
There has been much speculation as to the effect of 
these advances on automotive vehicles, their fuels, 
and means of motive power, but little has been writ- 
ten regarding possible lubricating-oil requirements. 
While it may be some time before we have available 
the plastic-aluminum magnesium car propelled by 
atomic energy and equipped with two-way radio, 
television, tires of infinite life, and with a pocket- 
size power plant, the broad nature of speculation 
concerning the cars and fuels of the future permits 
some latitude in prophesy regarding motor-oil de- 
velopment. 

It seems reasonable to assume, however, that two 
factors will influence the properties exhibited by oils 
for the motor vehicle of the future. One is the type 
of engine and the manufacturer’s recommendation 
for its lubrication. The other is determined by ex- 
trapolation of wartime developments in lubricating- 
oil research, methods of refining, synthesis, and addi- 
tive treatment. 

In order to determine what the engine manufac- 
turers might be expecting in the way of engine oils 
a questionnaire was prepared and sent to 26 leading 
builders of passenger car, truck, bus and high-speed 
diesel engines. Although several were not in a posi- 
tion to reply to the questionnaire at this time, replies 
were received from more than two thirds of the 
group, representing the builders of more than 75 per- 
cent of the automotive and diesel engines now in 
use. Their replies are tabulated below. 

In summarizing replies to the questionnaire, lubri- 
cation of postwar engines should be made easier by 
reductions in contamination through use of more 
effective air and oil filters and by the more general 
use of bearing materials which are not susceptible to 
oil corrosion. The job the lubricating oil has to do 
will be made more difficult by the fact that the same 
quantity of oil in the crankcase will be exposed to 
higher engine temperatures for the same or longer 
Periods (as compared with prewar practice) if the 
manufacturers’ oil change recommendations are fol- 
lowed. Furthermore, since the lighter oils frequently 
Possess less natural stability, the indicated trend 
toward lighter oils further complicates the problem. 

As to the type of oil, the General Committee, Di- 
vision of Marketing, of the American Petroleum In- 
stitute, recently defined the three types of oils which 
are available to the operators of motor vehicles. 
“Regular Motor Oil” shall be used to designate a 
straight mineral oil; “Heavy-Duty Motor Oil” shall 
be used to designate a full heavy-duty type having 
Proved oxidation stability, bearing-corrosion-preven- 
tive properties, and detergent dispersant characteris- 
ties (such as the U. S. Army Spec. 2-104B type) ; and 
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Oil for the Postwar Car 


H. L. HEMMINGWAY, Technical Service Department 
The Pure Oil Company 


SUMMARY 


1. The engine manufacturers indicate that in post- 
war engines the crankcase capacity will remain about 
the same, oil-change periods the same or longer, oil 
temperatures the same or higher, piston temperatures 
the same or higher, and more effective oil and air filters 
will be used. Babbitt bearings will predominate in pas- 
senger cars, with hard-alloys or new heavy-duty type 
bearings in heavy-duty engines. It would appear that a 
smaller percentage of engine bearings would be subject 
te oil corrosion than was the rule in prewar equipment. 

2. The manufacturers will recommend the same SAE 
grades as before the war, or lighter in some cases. 
“Regular” straight mineral oils or intermediate type 
(API “Premium” classification) oils will be recom- 
mended for passenger cars, while the manufacturers of 
heavy-duty engines prefer the full detergent “‘Heavy- 
Duty” or 2-104B type. The general preference is for oils 
of 90 viscosity index or better, although some manvufac- 
turers prefer the 50 to 90 range,.and some have no 
preference. They feel that the most needed improve- 
ment in oils should be along the lines of reducing engine 
deposits, increasing oil life, and reducing bearing cor- 
rosion. 

3. To meet these requirements, the United States 
petroleum industry has a 35 percent increase in solvent 
refining capacity, as compared with 1939. Additive 
capacity is available to treat all of the expected post- 
war truck and bus demand as full heavy-duty (2-104B) 
type, and at least 80 percent of the passenger-car de- 
mand as the intermediate or “premium” oil type. 

4. The war-sponsored investigations of low-tempera- 





ture properties and the increase of 140 percent in 
United States solvent dewaxing capacity during the last 
seven years should result in improved low-temperature 
performance of lubricating oils. 

5. The manufacturing capacity for viscosity-index- 
| improver types of additives has been increased, and the 
stability of these products improved. Effective anti-foam 
agents have been developed. Both types of additives 
| should find increased application postwar. 

6. New synthetic lubricants having unusual proper- 
| ties have been developed during the war period. While 
these materials probably will displace petroleum lubri- 
cating oils in special applications, the high cost of these 
materials at present precludes competition with petro- 
leum oils for engine lubrication. 
| 7. New developments in the field of fundamental re- 

search on lubricants should place the oil refiner in an 
improved position to meet the problems of lubricating 
| postwar automotive equipment. 





“Premium Motor Oil,’ which is intermediate be- 
tween regular and heavy-duty, should have “proved 
oxidation stability and bearing-corrosion-preventive 
properties.” 

Generally speaking, the passenger-car manufac- 
turers would prefer to see the “Regular” and “Pre- 
mium” grades of oil used, while truck and bus build- 
ers are in favor of the “Premium” and “Heavy-Duty” 
types. Most of the manufacturers appear to favor 
high V.I. oils refined or treated for minimum forma- 
tion of sludge, varnish and carbon deposits. 


As a result of the trends in requirements of the 
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lubricating oil as indicated by the engine manufactur- 
ers, plus war-accelerated research and development, 
it is possible to survey the industry with reference to 
its ability to meet the requirements. 


1. Increased Availability of Solvent-Refined Oils 

In 1938, the last year before the beginning of the 
war in Europe, the solvent-refining capacity (based 
on charging stock) was approximately 70,000 bar- 
rels per day, The latest and most complete figures 
available today indicate a charging capacity of nearly 
96,000 barrels per day, or an increase of about 35 per- 
cent during the war years. The following table illus- 
trates the relative increase of the various solvent 
extraction processes in the United States: 


























DAILY CHARGING CAPACITY 
1938 1945 
— Percent 
PROCESS Plants | Barrels | Plants Barrels | Increase 
7) ep 7 6,900 7 | 6,900 0 
Nitrobensene...... 3,150 2 3,150 0 
Sulfur Dioxide-Benzol. . 5 7,500 5 7,500 0 
Duo Sol............. 5 18,000 9 22'800 27 
Furfural.... 4 14,350 9 26,650 86 
Phenol... 5 20,500 8 | | 28,750 40 
Total... | 28 70,400 40 | 95,750 36 
| 











In addition to this.seven-year increase in solvent- 
refining capacity, a number of plants are known to 
be in the blue-print stage and ready for construc- 
tion as soon as materials are available. It appears 
safe to assume, therefore, that the solvent-refining 
capacity of the country, when the postwar car is on 
the road in quantity, will be over 100,000 barrels per 
day, or about 50 percent greater than it was at the 
beginning of the war in 1939. 

he average engine-oil demand for passenger cars, 
trucks, and buses in the years 1937 through 1941 was 
between 29,000 and 32,000 barrels per day, with in- 
dustrial oil demand fluctuating between 29,000 and 
38,000 barrels per day. Assuming a similar demand 
postwar, there would appear to be adequate capacity 
to fulfill the entire domestic motor vehicle and indus- 
trial requirements with solvent-refined oils of good 
quality (65 to 75 percent raffinate). Naturally, not all 
plants will operate to capacity, solvent-refined oils 
are not required for many applications, and an un- 
known quantity will be required for export, but the 
capacity is there, and its competitive effect—since 
most of the plants will charge other than Pennsyl- 
vania crude—will be to increase the general level of 
engine-oil viscosity index, as well as to provide oils 
which generally permit cleaner engine operation. 


2. Increased Use of Additives 

a. Heavy Duty Type Additives 

While at the time of Pearl Harbor there were prob- 
ably less than 25 additive and oil combinations which 
in the SAE 30 grade had sufficient oxidation and cor- 
rosion resistance to pass the 500-hour Series. 71 
Diesel Test (now CRC No. L-5 procedure)’ and 
. enough load-carrying-capacity and detergency in the 
SAE 10, 20 and 30 grades to satisfy the requirements 
of the Caterpillar Series of tests (now CRC No. L-1, 
L-2 and L-3 procedures)? it is estimated that there 
are now between 100 and 200 series of oils which 
meet these requirements. This has meant a consider- 
able increase in the knowledge regarding perform- 
arice properties of oil stocks in engines, has already 
resulted in the adoption of performance type specifi- 
cations by some of the larger buyers of oil, and has 
caused a considerable expansion of heavy-duty-oil 
additive manufacturing facilities. 
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In view of this, five leading suppliers of heavy-duty 
type additives were asked to offer their best “guessti- 
mate” as to the percentage of postwar oil volume that 


the additive industry expected to treat or had the 


capacity to treat. Abstract from their replies are as 


follows: 
Additive Manufacturer A 


“Our best estimate ... is that 70 to 80 percent of [auto- 
motive] lubricants will be additive treated. It is very difficult 
he say] whether the premium housebrand products will be 
ull heavy-duty or simply treated with oxidation and cor- 
rosion inhibitors [but] we believe that . . . 25 percent of those 
treated will be the heavy-duty type. 

“If the above figures are reasonably correct, it is our con- 
clusion that there is ample additive capacity to handle the 
situation .. .” 

Additive Manufacturer B 


“If additive content in all heavy duty motor oils other than 
the full heavy-duty (2-104B) type [which the writer had 
previously estimated would be required for 20 percent of the 
total motor oil potential] were assumed to be half that neces- 
sary in 2-104B products, . . . sufficient additive would be 
available to supply the entire potential of postwar motor 


oils.” 
Additive Manufacturer C 

... we have estimated that the postwar crankcase oil mar- 
ket will run from 13,500,000 barrels to 15,900,000 barrels per 
year, and that .. . a 2 percent [concentration of additive] fig- 
ure could reasonably apply to the crankcase oil [in which 
case, the industry’s ability to supply additive] will be much 
nearer 80 percent [of the total crankcase oil market].” 


Additive Manufacturer D 

“There seems to be a current additive capacity capable of 
handling 15,000 barrels per day of 2-104B oils, or over 5,000, 
000 barrels per year, in addition to a fair volume of inhibitors 
going into other than 2-104B oils. After the war I doubt if the 
demand for 2-104B oils will exceed 1,500,000 barrels annually, 
and may be somewhat less. [This would be about 13 percent 
of the total 1941 domestic lubricating oil demand, or 57 per- 
cent of the total 1941. domestic truck and bus demand.] The 
demand for additive-treated motor oils for passenger car, bus 
and truck type service . . . of the mild heavy duty type... 
should be in the order of 6% to 7 million barrels per year, 
leaving an estimated 4 million barrels annually of conven- 
tional motor oils without benefit of additive improver. The 
6% to 7 million barrels of mild heavy-duty additive should 
take no more additive than 4 million barrels of 2-104B oils 
so that,.... this ... estimate of possible postwar requirements 
is well in balance with existing additive-manufacturing facili- 
ties.” 

“This is . . . the domestic picture. What the foreign de- 
mand... will be is hard to see .. . but I know that additional 
additive-manufacturing capacity is planned as soon as ma- 
terials are available .. .” 


Additive Manufacturer E 

“Based on extrapolation of API figures, it appears that 
the total consumption of automotive engine oil will be about 
33,000 barrels per day. It is very doubtful that there is addi- 
tive-manufacturing capacity to produce this volume of oils 
meeting the present specification 2-104B quality.” 

“If the major portion of the demand is for the No. 2 
premium motor oil type (intermediate between straight min- 
eral oils and 2-104B type oils), then there should be enough 
additive capacity to accommodate the demand.” 

From these letters, the following conclusions may 
be drawn: 

1. There appears to be sufficient additive capacity 
to treat from 15,000 to 18,000 barrels per day of full 
heavy-duty oils (2-104B type). Since the prewar en- 
gine-oil demand for trucks and buses was in the range 
of 6000 to 7500 barrels per day, this indicates more 
than twice the capacity required to treat all truck 
and bus oils to 2-104B quality. 

2. The additive manufacturers who are willing to 
hazard a guess estimate that from 13 to 25 percent 
of all postwar oils will be of the full heavy-duty 
(2-104B) type. This is sufficient to supply from 50 to 
100 percent of the projected postwar truck and bus 
engine-oil demand. 

3. If the oil companies decide to market house 
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brand or “premium” grade oils which are mild heavy 
duty (between straight mineral oil and full heavy 
duty in performance characteristics) there is suf- 
ficient additive capacity to treat from 80 to 100 per- 
cent of demand other than for full heavy-duty types. 

4. One additive manufacturer estimates the rela- 
tive distribution of automotive lubricating oils post- 
war to be as follows: 


Strnight Mineral Oil: . f..5 60. cose ek set! 30 percent 
A.P.I. “Premium” type (intermediate 

between straight mineral and _ full 

BeaVe=ey SIDE) fk kk os Seaveween 45 percent 
Full heavy-duty (2-104B) type......... 25 percent 


It would also appear possible that the war-built 
additive-manufacturing capacity is sufficiently great 
to stimulate competition between additive suppliers 
and thus encourage price reductions as compared 
with present treating costs. This is particularly im- 
portant in view of the fact that many oil companies 
have developed satisfactory experimental heavy-duty 
additives for which manufacturing facilities may be 
built after the war, unless the mass-produced addi- 
tives can be made available at prices such that it will 
be uneconomical for the individual refiner to produce 
his own additive. 

b. Pour Depressants 

The early trend of the war into arctic climates 
stimulated research on the low-temperature perform- 
ance of automotive lubricants. One aspect of the 
problem which received considerable attention was 
the failure of the usual ASTM pour-point procedure 
to predict the maximum pour point of oils treated 
with pour depressants when the oils were sub- 
jected to certain temperature cycles in the field.* * 
The following table shows that some oils refuse to 
pour after exposure to temperature cycling in *field 
tests, at temperatures up to 50° F. above their 
ASTM Pour Points.® 


OIL SAMPLE... 
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ASTM (D97-39) Pour, °F .| —25 | —20 |—80|—10|—10|—10|—25|—25|—30|—20 
Estimated Stable or Maximum 
+25|+15)+-15|+15)+25/— 5 a 
Bist ae 


Pour Poir:ts from Field Data +25 | —10 





A laboratory procedure for the determination of 
maximum pour point, similar to that developed by 
Dr. L. M. Henderson and W. G. Annable of The 
Pure Oil Company‘, is being investigated by Sub- 
Committee XIV of ASTM Committee D- 2, for the 
laboratory determination of “maximum” or “stable” 
pour point. 

Furthermore it has been learned that to prevent or 
reduce pour “reversion,” the use of more pour de- 
pressant, pour depressant of a different type, selected 
oil blends, or more careful or thorough dewaxing 

may be necessary. The following table shows the 
effect of additional pour depressant on maximum pour 
point on 180-200 (S.U.S.) vis. at 100° F. neutrals. 


ie 














Effect of 7 Increasing Amounts of Pour Depressant “‘A”’ 
180-200 Viscosity at 100° F. Neutrals 


“Mid- Cont. 














Mid-Cont. Pen 
+35° Orig. Pour +5° 5° Orig. Pour +25° Orig. Pour 

Volume Percent : a -—————-|_—_-___ ae 
Pour Depressant "ASTM Ries. p ASTM — Max. ASTM Ma ax. 

‘A” | Pour, °F. | Pour,°F.* | Pour, °F. | Pour,°F.* | Pour,°F. | Pour, °F.* 
0.1 | —% |. 0 | 2 
0.3 5 +10 +20 +15 
0.6 15 +10 30 25 30 _ 
0.9 20 0 30 30 | B—30t_ | —15 
12 25 0 B—30 | 20 
2.0 30 15 —30 | B—30 | B30 | —30 
3.0 30 25 B—30 | B—30 | B—30 | B—30 
4.0 30 25 B—30 | —30 | B—30 | B—30 
5.0 30 30 B—30 B—30 B 


=— 


t B—-30 means below —30° F. 








* See reference 4 for method. 
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The table below shows the difference in efiective- 
ness of the same volume percentages of differeni pour 
depressants on the maximum pour point: 























Comparison of Twe Pour Depressants on Control of Max. Pour 
Mid-Cont. Mid-Cont. 
Volume FSooent +35° Orig. Pour +5° Orig. Pour 425° Orig, Pour 
n ype lane aes Te eS re 
Pour Depressant ASTM Max. ASTM ax. ASTM Max. 
Pour, °F. | Pour,°F.* | Pour, °F. | Pour,°F.* | Pour, °F. | Pour. °F.* 
0.0% “A”... —15 +10 —30 —25 —30 —5 
O05 “BY. 5.55 —20 0 B—30t —30 B—30t —30 

















+t B—30 means below —30° F. * See reference 4 for method. 

In the past seven years the available figures indi- 
cate an increase in solvent dewaxing capacity of 141 
percent (from 25,000 barrels per day in 1938 to about 
61,000 barrels at present) with additional plants 
planned for postwar construction. The increased flex- 
ibility generally provided'by solvent dewaxing should 
allow better control of maximum pour point. 


Predilution With Gasoline 


Mention also should be made of the use of gasoline 
for predilution of oils to obtain easy starting and. 
quick circulation in cold weather. While predilution 
is only infrequently required for civilian equipment 
in this country, there is usually from 5 to 10 percent 
dilution present in used crankcase oils. Investigation 
of the effect of dilution on pour point reveals that, 
as a general rule, where paraffinic oils are not treated 
with pour depressant, the pour point is reduced ap- 
proximately 5° F. for each 5 percent gasoline added; 
however, in the case of oils treated with pour de- 
pressant the pour point is usually reduced about 10° 
to 15° F. for each 5 percent of gasoline added. Thus, 
the presence of a small amount of pour depressant 
in a well dewaxed oil will assure flow in the engine 
crankcase (with normal dilution present) at much 
lower temperatures than would be predicted by the 
ASTM or maximum pour points on the original oil. 

In summarizing, therefore, it would appear that as 
a result of a general improvement of average vis- 
cosity index, and the work done during the war on 
the low-temperature properties of lubricating oils, 
considerable improvement in the low-temperature 
performance of lubricating oils has been made. 

c. Anti-foam Additives 

A wartime development of considerable interest is 
a practical, relatively permanent additive for sup- 
pressing foam formation in lubricating oils. As a 
result, most heavy-duty oil additives now contain a 
foam suppressor, and non-foaming heavy-duty oils 
(U. S. Army Specification 2-104B) have been sup- 
plied since early in 1943. 

As a result, a satisfactory test procedure® for the 
evaluation of oil foaming properties has been devel- 
oped, and this test procedure was incorporated into 
U. S. Army Specification 2-104B on January 15, 1944. 
By the use of this test procedure it is possible to 
evaluate not only the original effectiveness but also 
the permanence of a foam suppressor. 

The use of foam suppressors will help in the solu- 
tion of foaming problems not only in diesel and gaso- 
line engines (including aircraft) but also in automo- 
tive gear oils, “fluid drive” or torque converter oils, 
hydraulic oils, and various industrial applications. 

d. Viscosity Index Improvers 

Although viscosity index improvers of various 

types were available before the war, considerable 
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progress has been made in improving their effective- 
ness, stability, and availability during the war, The 
requirements of aircraft hydraulic systems for oils 
of extremely low pour point and high resistance to 
change in viscosity over a considerable temperature 
range has resulted in the large scale supply of oils 
having a viscosity index of over 150. 

Whether or not viscosity-index improvers will be 
used extensively in engine oils postwar depends upon 
the economics of their use and their stability, or abil- 
ity to retain viscosity-index-improving qualities after 
extended use in the engine. Their prewar use was 
primarily in the field of increasing the viscosity index 
of oils having fairly high viscosity index (85 to 95) 
before treatment to ranges (120 or above) not nor- 
mally obtainable by available refining methods, rather 
than the treatment of low viscosity index oils to the 
intermediate viscosity index range. It seems probable 
that much the same application will be made post- 
war. An advantage of such treatment is the simplifi- 
cation of inventory and supply made possible by the 
ability of only two or three high viscosity-index oils 
to satisfy the 10 W through SAE 50 range required 
by passenger cars, trucks, buses, tractors, and light 
aircraft engines, as follows: 


Passenger Car Viscosity Grade 






































Vey at 
Viscosity at Zero, 100° F., Viscosity at 13€° F., | Viscosity at 210° F., | Viscosity 
$.US. §.U.S. §.U.S. S.U.S. Index 
9000 303 165 62 140 
(10 W Viscosity (SAE 20 Viscosity (Approximate viscos- 
Range) Range) ity of SAE 30 oils 
| having 90 V.I. or 
better.) 
Truck and Bus Viscosity Grade 
Viscosity Viscosity | 
wee at Zero, at 100° F., | at 130° F., | Viscosity at 210° F., | Viscosity 
§.U.S. S$.U.S. | SUS. $.U.S Index 
50,000 | 695 325 85 120 
(A ximate viscosity at | | (SAE 50 viscosity 
ro of SAE 30 oils hav- | range) 
ing 90 V.I. or better.) 














These two oils—the lighter one having the low- 
temperature performance of the 10 W grade and the 
high-temperature performance of an SAE 30, and 
the heavier grade having the low-temperature per- 
formance of an SAE 30 and the high-temperature 
performance of an SAE 50—could very satisfactorily 
replace the conventional 10 W, 20 W, 10, 20, 30, 40 
and 50 grades. 





e. Film-Strength Improvers 


In general, the engine manufacturers appear to be 
reasonably well satisfied with the film strength prop- 
erties of oils available at present. Because relatively 
little difficulty is being experienced, and methods of 
evaluation are not too satisfactory, it seems im- 
probable that there will be any great increase in the 
use of “oiliness” or film-strength-improver type addi- 
tives in automotive engine oils. 


3. Synthetic Oils 


It is no longer any secret that the Germans manu- 
factured. synthetic lubricating oils and that these oils 
have been of sufficient interest to justify intensive 
investigation by United States technical missions. 
Likewise, synthetic materials have been developed 
for special uses in this country, and information has 
been published regarding their characteristics. 
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Shown below are two materials on which data are 








available: 
Rohm and Haas’ 
““Plexol 21” Union Carbide® 
(2-Ethyl Hexyl and Carbon 
Sebacate) Synthetic Oil 
A RUIN 5 5 oda és vacec ce vested 0.917 App. 1.0 
Flash, a oak cin weales Above 400 and up 
CRE Ei ts 495 senna 
Viscosity at 100° F.8.8.U............ 68.5 “Any desired viscosity” 
Viscosity at 210° F.,8.S.U........... 38.9 “Any desired viscosity” 
es nud chentenaseeeuahseés 150 140 to 160 
RES ios cheat ai seadcehanen Below minus 70 —30 to —80 
Con. Carbon Res., percent........... 0.04 0.01 (all viscosities) 
Neut. No., Maximum................ 0.1 











These products obviously possess desirable physi- 
cal properties which are generally unattainable from 
natural petroleum oils with available refining proc- 
esses. They are also supposed to possess equally de- 
sirable performance properties. 

A recent survey of the patent literature® discloses 
370 patents on synthetic lubricating oils as follows: 


a a att en) ee Cale coals Le a are 103 
NE ee ee el Sees uae hese sere 8 
SYS SLLS 3 wie Saale ahd od ce kk oko ORE ea 4 
NS ee RN ER eee Cee ee eee 55 
OE ae Rare ree ee eee er me 50 
a a cun an LaAAacuke Keene eae ek oe & mee 2 
Roo Ee cat meee we ce maee 1 
OCT OR LE TC CUTET EORTC OR ECE Cr ee 147 


The distribution by type of compound disclosed in 
a large number of United States patents on synthetic 
lubricants reveals the following general lines of en- 
deavor : 


Polymerization and condensation of hydrocarbons 


PRPS Pee rere ee re 98 
DIN 5b ts ches CoS eanonnibene ees 61 
Rsk al itis wip satete Sue eae leads 10 


Miscellaneous chemical compounds as lubricants 28 
Finished lubricants are fatty acids, alcohols, etc... 19 


Since the patent references extended back as far as 
1910 and a synthetic motor oil was actually produced 
and sold commercially (although later withdrawn) 
nearly 15 years ago,” it is obvious that synthetic lub- 
ricants are not especially new. Furthermore, regard- 
less of their unusual properties, it must be possible 
to justify the advantages gained on an economic basis 
if synthetic oils are to compete with petroleum oils. 
This is a difficult hurdle for synthetic oils to over- 
come if their cost is in the expected range of $0.25 to 
$1.00 (or higher) per pound, as compared with good 
quality mineral oils at $0.015 to $0.05 per pound. 
Even though manufacturing costs can be drastically 
reduced, the following table shows that compara 
tively few basic chemicals (some of which might be 
used as starting materials) can compare in cost with 
finished lubricating oils. 


Wholesale Quotations of Finished Lubricating Oils 
Compared With Certain Basic Chemicals * ” 
Finished lubricating oils.............. 0.015 to 0.05 


Paraffin wax—crude scale.......... 0.04 
—fully refined ........ 0.06 
ge” iene aca apart e er 0.19 
Se OE ad aad s dewcud svaeekenes 1.75 
Ethyl hexyl alcohol................ 2.50 
NE scl s he arian oy 9 aed aie S88 0.09 
ED Cee S dan Gas nd ests owls 0.35 
LS. an an bebe daeeeeen a4 0.14 
i CED... su wecdecsvecses 0.05 
a ae edhe hs Ao eebdane ocua 0.10 
OS, uk wale a wew ee 0.55 
I 6 chin chk id's semawens noel 0.11 
ED cua cweiswcovens 0.015 to 0.03 


Tallow 


Nevertheless, in spite of probable high costs, sy™ 
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thetic lubricants or chemical compounds having the 
ability to lubricate have found and probably will con- 
tinue to find special fields of applications where their 
use can be justified economically. Possible examples 
are: 

1. Applications requiring less change in viscosity 
over a range in temperature and greater resistance 
to congealing at low temperature than is normally 
characteristic of mineral oils, such as in aircraft 
hydraulic systems, hydraulic couplings, shock ab- 
sorbers, refrigerating machinery, and the like. 

2. Application requiring unusual lubricant stability 
at high temperatures or for long periods such as 
special high-output electric motors, or parts of appa- 
ratus where, due to inaccessibility, it is desirable to 
seal in the lubricant at the time of manufacture for 
the life of the machine. 

In summarizing this brief discussion of synthetic 
lubricants it would appear that high cost and lack 
of manufacturing capacity will preclude their use on 
a scale at all comparable with the volume of petro- 
leum lubricating oil manufacture for some time to 
come. However, their potentialities should not be un- 
derestimated by petroleum refiners, and their unusual 
properties constitute a real challenge to the petro- 
leum chemist. Their application in specialized cases 
as compared with the larger scale application of 
petroleum oils may be analogous to the prewar ap- 
plications of synthetic rubber as compared with 
natural rubber, and it is assuring to know that in 
view of eventual depletion of crude oil reserves or 
in the event of another national emergency, so much 
progress has been made in the commercial produc- 
tion of satisfactory synthetic lubricants. 


4. Fundamental Research 


In few other fields of commercial endeavor does 
the manufacturer of a commodity know less about 
the fundamental composition of the material he mar- 
kets than does the refiner of petroleum lubricating 
oils. Even though the petroleum industry employs a 
relatively large percentage of the nation’s research 
personnel, most lubricant research has been largely 
of an empirical rather than of a fundamental nature. 

For example, although the oxidation of engine oils 
has been the object of a considerable amount of study, 
the approach of a group of experts to the oxidation 
problem may still resemble fabled investigation of 
the elephant by the three blind men. One group may 
consider only the amount of oxygen absorbed by the 
lubricant (somewhat as in the case of the Norma- 
Hoffman test), another the oxidation products -that 
are formed in or with the oil, and the third the effect 
of the oxidation products on the engine—all as evi- 
dence of oxidation—and very little information is to 
be found in the literature tying all three together. 

Similarly, although “detergency” is almost a house- 

hold word now, its meaning is still a nebulous quan- 
tity defying definition. Consequently, each person’s 
conception of its meaning is likely to be a confused 
summation of his total experience with oils contain- 
ing certain metallic compounds rather than a rela- 
tively precise definition, 
_ However, encouraging progress in the study of 
lundamentals concerning the composition of lubri- 
tants and the chemistry of their deterioration is be- 
ing made, and notable contributions have appeared 
in the literature in recent years. 

In the field of oxidation, the studies of Larson, 


Thorpe and Armfield on oxidation of pure hydro- 
carbons,** von Fuchs and Diamond on the relation 
between oxidation stability and chemical composition 
of lubricating oils, Denison on the role of peroxides 


. and the possible nature of the natural inhibitors in 


lubricating oils, and Fenske and associates on 
apparatus and factors controlling oxidation sta- 
bility 7° *7 have been interesting and revealing inso- 
far as the fundamental nature of the oxidation process 
is concerned. : 

In the study of the performance of oils and addi- 
tives in the engine, the fundamental chemistry of the 
reactions has been explored by Larsen, Armfield and 
Whitney on the chemical problems of engine lubrica- 
tion and the effect or nature of catalysts formed in 
the crankcase,** by Prutton, Frey, Turnbull and 
Dlouhy on the corrosion of bearing metals by fatty 
acids dissolved in hydrocarbons,’ and by Denison 
and Clayton on the chemistry of ring sticking and 
the role of detergents in its prevention.”° 


While more complete discussion of these funda- 
mental developments is beyond the scope of this 
article, the work is mentioned because of its influence 
on future oil improvements. More complete funda- 
mental knowledge regarding the composition of lub- 
ricating oils and the performance properties of the 
components enables the refiner to concentrate in the 
finished product the physical, chemical, and perform- 
ance properties required. It will help him to keep 
pace with the requirements of the new engines and 
to meet the competition of synthetic oils. 
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arattin Wax in Asphalt 


J. MULLER and D. WANDYCZ 
Technical High School, Lwow, Poland 


From “Asphalt u. Teer” (Strassenbautechnick) Vol. 32, No. 36, P. 108-711 
Translated by Edwin J. Barth, Petroleum Technologist 


SE of paraffin wax in asphalts 
is an analytical problem in petroleum chemistry 
which until presently has not yet been solved with 
satisfaction. The procedures, which have been incor- 
porated in technical or analytical methods, and 
which are said to be simple, rapid and reproducible, 
are the methods commonly used up to now and are 
based on the work of Holde, Marcusson and 
Schwarz. These methods leave much to be desired. 
The reason for this is that these methods, such as 
those of Schwarz and Marcusson (who employ a 
clay absorption procedure) and those of Holde and 
Marcusson (employing distillation) greatly affect 
and influence the asphalt to be tested. These pro- 
cedures influence both the qualitative and quantita- 
tive results since the manipulations in the procedure 
change and affect the asphalt and its constituents. 
The waxes to be determined are quite affected and 
it is not certain whether the original wax or some 
degradation product is actually being determined. 
Results vary greatly in percentages of wax obtained 
according to what method one would employ. In the 
Polish oil laboratories results varied by 21 percent 
on the same sample with different operators, and as 
much as 50 percent among outside laboratories.” 

Large discrepancies especially are obtained in 
methods employing a distillation step in the proce- 
dure. This is easily explained when; as is well recog- 
nized today, it is remembered that the higher paraf- 
fins are most easily decomposed and will crack at 
high temperatures. Therefore, all wax determina- 
tions on asphalts which start out using a distillation 
procedure with its attending cracking of high- 
molecular-weight material, will in the main give 
entirely too low results. 

It has even been clearly observed that the cracked 
products obtained are different according to the 
time and method of heating the sample, etc. It is 
also known that paraffins are formed during the dis- 
tillation (lower-melting-point products split from 
high-melting-point material). It is well recognized, 
therefore, that such procedures are the poorest pos- 
sible methods for determining wax in asphalts. 

Marcusson, therefore, developed a method first to 
treat the asphalt in order to avoid heavy cracking; 
cracking leads to coke arid losses in valuable mate- 
rial, such as by gas formation. After the treatment 
he then distills the material. Suida and Janisch* had, 
however, later shown that, dependent on the method 
of conducting the later distillation, there still was 
considerable evidence of cracking and loss in mate- 
rial, especially the paraffinic material. 
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These authors had shown, for instance, that the 
results were only comparable and somewhat reliable 
when the distillation was conducted exceedingly 
fast—at most, within 4 minutes duration (time from 
start of heating to beginning of the distillation 2-3 
minutes). When the distillation took 10 minutes the 
losses were 24.5 percent and 74.2 percent for a 20- 
minute distillation. 

One can say, therefore, that up to this point the 
methods that were in vogue have not fulfilled our 
above-mentioned requirements for an exact pro- 
cedure for asphalts.* By further research we have 
sought to eliminate these difficulties by trying to 
separate the paraffins from the asphalt by the use of 
solvents, and for this purpose we found pyridine to 
be an excellent solvent and wax precipitant. 

Pyridine is an excellent solvent for oils and asphal- 
tic resins; paraffin wax, however, shows practically 
no solubility in this solvent at low temperatures. One 
will note from the solubility curve in Figure 1 that 
100 c. c. of pyridine at 0° C. will dissolve only 0.097 
gm. of paraffin wax; at —10° C. only 0.054 gm. The 
solubility shows a flat curve below 0° C., and indi- 
cates only slight differences in solubility between 
0° C. and —10° C. This is of practical importance 
since one can easily work at 0° C. instead of at —20° 
C. with similar results, which greatly simplifies the 
procedure and manipulation at low temperature. The 
slight differences that would obtain at the lower tem- 
perature as to increased yields of wax can be dis- 
counted for all practical purposes. 

Pyridine dissolves asphaltenes also besides oils 
and resins, though perhaps not completely. The 
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' pyridine. By gradual chilling of 


asphaltenes together with the carbenes, carboids, 
coke and mechanical impurities should therefore be 
first removed from the paraffins, oils and resins by 
preliminarily treating the test asphalt with petro- 
leur ether or light naphtha. 

Based on these ideas we have worked out a method 
for waxes in asphalt; it is 
based on the procedure of first 
treating the asphalt with low- 
boiling-point naphtha (30-40° 
C. boiling-point) in order to 
precipitate out the asphaltenes, a 
carbenes, etc. which are filtered 
off; oils, waxes and resins re- Fl 
main in solution. After filtra- 
tion the filtrate of oils, waxes, 
etc., in naphtha is next steamed 
to remove the solvent, and the 
residual oil is then dissolved in 


Ca Cl, 


Ne 


this solution to 0° C. paraffin 
is precipitated. Small amounts 
of impurities or discoloration 
are removed from the wax by 
digestion with a decolorizer in 
benzole solution; a pure paraf- 
fin wax is thus obtained. 

There are a few cases (such 
as in asphalts from high-paraf- 
finic crude) where the separ- 
ated asphaltenes will contain 
very high melting point wax— 
in some cases as high as 15 per- 
cent of the total wax present’; 
this very-high-melting-point 
wax is separated from the as- 
phaltenes by an extraction with hot absolute alcohol®. 
The wax so obtained is combined with the wax from 
the pyridine separation. 

The solubility curve we have presented is not 
based on pure anhydrous pyridine, which is difficult 
to produce and obtain. Anhydrous chemically pure 
pyridine actually dissolves paraffin wax. Instead, the 
solubilities were determined using a fraction of pyri- 
dine obtained as follows: ordinary technical pyri- 
dine is distilled through a three-bulb glass column 
at a pressure of 730 mm. and at a rate of about two 
drops per second; a cut is made between 112 and 
114° C. (0.2° C. variation).? This fraction contains 
a definite amount of, water and such a cut was used 
in our tests. Any cut containing deficient amounts of 
the 112-114° C, fraction and therefore too much wa- 
ter, can be partially dehydrated before distilling by 
the use of solid caustic potash. 

Wax determinations using this type of pyridine are 
carried out as follows: 2.5 to 3.5 gm. of asphalt (in 
small pieces the size of a pea)* are placed in a 100- 
200 c. c. flask, and shaken ™“%-hour with benzine or 
light naphtha boiling between 30-40° C., using 20 
tc. solvent per gram of asphalt. The solution is 
settled ™%-hour; the insolubles are next filtered off 
without shaking or disturbing the contents of the 
flask, into a wide-mouth 200 c. c. Erlenmeyer flask, 
and the precipitate washed with 60-70 c. c. of similar 
solvent by means of a spray from a small wash- 
bottle. The clear filtrate is heated on a water bath to 
evaporate off the solvent, finally placing the flask on 
the steam bath at least 30 minutes to drive off last 
traces of solvent. 

While the above solvent evaporation takes place, 
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the filter containing the insoluble material is placed 
in a porous extraction thimble, and the whole in- 
serted in a Graefe extractor or extractor as shown in 
Figure 2. 


The Erlenmeyer flask (of 200 c. c. capacity) is 
charged with absolute ethyl alcohol and the solvent 
is actively boiled to extract solubles from the asphal- 
tene material. A short reflux-condenser is attached to 
the flask. The amount of alcohol used is normally 
50 c. c.; the extraction thimble is usually suspended 
by hanging it below the reflux-condenser by means 
of thin iron or resistant wire. The extraction flask is 
placed on a water bath for 1 hour, and active extrac- 
tion allowed to take place. The alcohol is next driven 
off from the extract-solution, and the residue is dis- 
solved in hot pyridine on the water bath; the main 
portion or residue from the original 30-40° C. boiling- 
point naphtha filtration is next added to the alcohol- 
free extract. At this point the amount of pyridine 
used should be about 15 c. c. per gram of asphalt 
sample. In order to effect thorough solution in the 
pyridine the flask is placed on the water-bath for 
2-3 minutes to bring it to a temperature of 70-80° C. 

Chilling of the clear pyridine solution next takes 
place. It is gradually brought to a temperature of 
plus 1° C. to 0° C, by first allowing the hot solution 
to stand at room temperature,. followed by cooling 
under tap water, and finally with ice. The sample is 
allowed to remain 30 minutes at the low temperature. 
At the end of that period the precipitated wax is fil- 
tered off by gentle suction through a Buchner funnel 
which is jacketed with circulating brine solution at 
0° C. The wax on the filter is washed with iced 
(0° C.) pyridine, using a total of 30 c. c. of wash 
liquid. 

The paraffin wax so obtained is usually off-color 
due to small amounts of. brownish resins. The wax 
is therefore next dissolved off the Buchner funnel by 
washing the latter with 30 c. c. hot benzole and col- 
lecting the extracting benzole in a 100 c. c. capacity 
Erlenmeyer flask. To this solution are added a mix- 
ture of 1 part of activated charcoal and 4 parts of 
very active bleaching clay, in amounts of 3-4.5 gm. 
of mixture per estimated gram of paraffin on hand. 
The benzole is now held 5 minutes at its boiling point 
(water bath) occasionally shaking the contents of the 
flash to effect dissemination of both powders. The 
solution is filtered through a filter paper wetted with 
benzole into a low-form beaker, and any precipitate 
is washed with 30 c. c. hot benzole. The benzole is 
now evaporated from the filtrate, and the beaker 
placed in a drying oven at 110-115° C. for 30 min- 
utes in order to drive off the last traces of pyridine’. 
This usually suffices to drive off any remaining pyri- 
dine as will be evidenced by the lack of pyridine 
odor; the material is then dried in a desiccator. The 
paraffin wax obtained in this manner will be at most 
colored only a light yellow. Any deeper discoloration 
is due to traces of nonweighable resinous matter de- 
rived only from asphalts containing little wax; the 
increase in paraffin percentage due to such non- 
weighable resins is negligible. . 

We have recommended employing 3.0-4.5 gm. of 
decolorizing mixture per 1 gm. of wax; using smaller 
quantities (however, not below 2.1), the results are 
not altered whatever, though the wax may be dis- 
colored to a deep yellow. When we used 6 gm. of de- 
colorizer per gram of wax our yields were only 0.15- 
0.2 percent lower; preliminary tests as to how much 


{459} 133 








Percent Loss on 
Percent Paraffin Obtained 


PRODUCT During Bleaching 





Paraffin from asphalt I. 6. 
Paraffin from asphalt I! . ; 5. 
Paraffin from asphalt III es 8. 
Paraffin from asphalt IV 7. 
Paraffin from asphalt V 11. 
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bleaching agent should be used are therefore not 
necessary. 

The losses of final wax incurred due to the bleach- 
ing operation are not excessive, as can be seen in 


Table 1. Here are shown the amounts of absorbed 


substance in percent of the wax obtained; probably 
the asphaltic and resinous substances removed ac- 
count for the greatest loss incurred. As will be re- 
called, the bleaching probably takes place still in 
the presence of some traces of remaining pyridine. 


We employed our method of wax determination 
on five asphalts of various origin. The results ob- 
tained are shown in Table 2. 

Our results by this method, as can be seen in 
Table 2, agree with the check results very well, and 
are considerably higher than those obtained by Mar- 
cusson’s method. Our procedure eliminates the 
large losses occurred by Marcussion’s method where 
substantial losses are encountered in the distillation 
and purifying procedures. For instance, in the case 
of asphalt II, 8.8 percent paraffin wax were obtained 
by Marcusson’s method distilling for 1 minute, 30 
seconds (time of first heating the flask to the boiling 
point was in all cases 2 minutes), whereas only 5.52 
percent were obtained when distillation comprised a 
period of 3 minutes and 30 seconds. Our results are 
higher than by Marcusson’s procedure, and in the 
case of asphalt I by 13.8 percent, with asphalt II by 
50 percent, asphalt III 176.3 percent, asphalt IV 
129.9 percent, and with asphalt V by 26.3 percent. 

The results between the two methods are appre- 
ciable, as can thus be seen, even though the time of 
distillation, which Suida and Janisch had experi- 


























TABLE 2 
SSS — — — $$$ $$$ nnd 
Pyridine Method Marcusson’s Method 
Test | Percent | M.P of | Percent | M.P.of| Time Used . 
PRODUCT No. Wax Wax Wax | Wax in Distillation 
iaw Petroleum Asphalt} 1 | 9.18 | 54.5°C| 8.52 | 57.0°C| 1 min. 
.P. 64° C. (12) No. I 2 8.83 55.0 7.32 57 oc} 1 min. 25 sec. 
3 8.95 55.0 | ; 
4 8.96 55.0 re } 
5 8.93 55.0 : 
6 9.24 54.5 | 
Boryslaw Oil Asphalt, No. 1 | 10.59 56.5 | 8.80 58.5 | 1 min. 30 sec. 
Il, M.P. 51.5° C. 2 10.67 56.5 5.52 55.0 | 3 min. 30 sec. 
3 11.11 56.0 ; 
4 10.79 56.5 
5 10.86 56.5 | 
6 10.86 56.5 | 
Asphalt, Ill, froma mixture} 1 | 5.08 | 50.5 | 1.95 | 53.0 | 3 min. 40sec. 
of paraffin free, and low | 2 | 5.01 | 50.5 | 1.85 | 52.0 | 3 min. 45 sec. 
wax content Crude—-oil 3 5.37 49.5 bi | 
“8 4 5.43 49.0 
5 5.42 49.0 
6 5.21 50.0 
Asphalt No. IV from Schod- 1 9.00 48.5 3.88 51.0 | 4 min 
nica crude; M.P. 36.5° C 2 8.94 49.0 4.07 49.5 | 4min 
3 9.15 48.5 : ; 
4 9.33 48.5 
5 9.20 48.0 
6 9.16 gg Ee ee a) eee eee 
Mexican asphalt; M.P. 70° C. 1 2.76 58.5 2.17 59.0 3 min. 45 sec. 
2 2.82 58.5 2.10 58.0 3 min. 30 sec. 
3 2.86 58.0 Sake * : aes 
4 2.75 59.5 
5 2.54 59.5 
6 2.42 60.5 


























mentally limited, had not been exceeded. By com- 
paring the time of distillation with percent paraffin 
obtained one can notice that Marcusson’s procedure, 
with a very rapid distilation time, gives percents of 
wax closer to our values though of course in such 
procedure the values are still far too low. 

Suida and Kamptner™, working on the crystalline 
structure of waxes as found in asphalts, and avoiding 
any type of cracking in the distillation operation, 
obtained results on wax contents some 50 percent 
higher than by Marcusson’s method. They claim that 
asphalts even contain appreciable amounts of soft 
paraffins. We have obtained results similar to those 
of these investigators when we determined the molec- 
ular weights and refractive indices of waxes ob- 
tained by our pyridine method. (See Table 3.) 











TABLE 3 

| Average 
PRODUCT | 270/p Mol. Wt. 
Paraffin wax, Asphalt I ; 1.4600 710 
Paraffin wax, Asphalt II : 1.4585 592 
Paraffin wax, Asphalt III. . 1.4672 854 
Paraffin wax, Asphalt IV 1.4660 614 
Paraffin wax, Asphalt V.... } 1.4644 615 














Our method can therefore be characterized by 
stating that, while it avoids all inherent losses in wax 
due to destructive distillation procedures, it does in- 
cur losses, but that these losses are very small in- 
deed. Also our procedure, in comparison with other 
methods determines the wax content of asphalts in 
highest yields possible, which thus furnishes a truer 
picture of real wax contents as it actually exists in the 
original asphalt. The results furthermore are abso- 
lutely reproducible. 

The procedure is also simpler and the techniques 
are easier to carry out since we avoid distillation and 
special refining operations on the asphalt for test. 
Some other procedures specify the use of very low 
chilling temperatures (—20° C.), which we do not 
encounter working at 0° C., which is easily obtained 
and maintained. The whole determination is short, 
relatively speaking, and can be easily carried out in 
five to six hours. 

We thank Professor St. Pilat for his valuable sug- 
gestions throughout our work at Lwow, Poland, and 
to Dr. (Madame) G. Hausman for her aid in carry- 
ing out the various determinations for this investi- 


gation. 
LITERATURE CITED 


1J. Marcusson, “The Natural and Artificial Asphalts,’"’ Leipsig, 1931. 
P. 91. R. Wilhelmi, Asp. and Teer, (Strassenbautechnik) 31, (1931) 
P. 303. 

2w. J. Piotrowski, H. Burstin, Prem. Naftowy 5, (1930) P. 336. 

3 Asp. and Teer, (strassenbautechnik) 31, (1931) P. 503. 

*It should be remarked that Suida and Janisch did actually specify 
the conditions of their distillation procedure for determining wax, 
though, however, working only with one asphalt which contained 
practically no wax; they added ceresine wax to asphalt which they 
tested. It is not clear whether the wax as determined contained wax 
as existent in the asphalt besides the ceresine they had separated. 
Ceresine normally shows a mol. wt. of 400; their wax as separated 
showed 600-1000 mol. wt. (See Suida and Kamptner, Asp. and Teer 
(Strassenbautechnik) 31, (1931) P. 669. It is a known fact that high 
molecular weight material will crack much easier than lower material 
at high temperatures. It is therefore not possible to hope to obtain 
definite amounts of wax which resisted any kind of high temperatures 
under the conditions these investigators used. 

5 The melting point is about 80° C, 

* Engler-Héfer, “The Testing and Uses of Petroleum, Natural Gas 
and Petroleum Products,’’ Vol. LV, Chap. I, P. 16. 

7 At other pressures, employ the correction of 0.4° C. for every 10 
mm. 

8 Soft asphalts are poured into the flask in a molten condition. 

® We found that a 2-3 hour period of heating at this temperature 
did not result in any losses of wax—a fact readily appreciated since 
the waxes in asphalts are very-high-boiling materials. 

1%” L. Gurwitsch, “Die wissenschaftlichen Grundlagen der Erdélverar- 
beitung,” Berlin, 1924. 

41 Marcusson, “Die Natiirlichen u. 
1931, P. 96. 

12 Melting Point of asphalts is by ASTM ring-and-ball method. 
13 Asphalt u. Teer (Strassenbautechnik) 31, (1931), P. 669. 


kiinstlichen Asphalte,” Leipzig: 








Petroleum Refiner—V ol. 24, No. 11 § Novem 








pli 
axi 
lyt 
oct 
tot: 
ity, 
pro 
pov 
hig 
the 


anc 
stal 
gate 
the 
earl 
eigt 
pub 
pres 
sho) 
cent 
age, 
“the 
and 
pref 
duti: 
they 
mate 
vest: 


In 
turbs 
fast, 
the t 
or m 
ities 
tiate 
supe! 
powe 
adop 
evalu 
ticul: 
fuels 

Fri 
merc; 
comp 


being 
Plicat 






m- 


fin 














r 
of e | e 
*“|CLOMDUSTON-vas Furpoine 
ne 
ng 
nN, 
at IN THE 
a HOUDRY PROCESS 
oft 
se 
ec- 
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Houdry Process Corporation 
ge 
Nt. 
‘ © opay one of the most significant commercial ap- 
: plications of the gas turbine and its complementary 
| axial compressor is in the Houdry Fixed-Bed Cata- 
lytic Cracking Process for making aviation and high- } 2 reliability and favorable maintenance records 
octane motor fuels. In the fixed-bed plants, which established by Turbo-compressors in refinery service for 
by total a third of the nation’s catalytic cracking capac- tans destined ter tenmacien a mete - 
ax ity, the turbo units are not used for their power propulsion, industrial power generation, and chemical 
in- producing ability but because they serve as a non- processes requiring quantities of high-pressure air. To 
n- power-consuming source of the large quantities of familiarize engineers with the operating characteristics 
her high-pressure air needed to regenerate and maintain pe = oa bua dea oo 
in the catalyst at high efficiency. the set are reduced to familiar engineering funda- 
uer One measure of the machine’s wide-spread accept- mentals by the authors. 
the ance and utility in this application is the total in- 
so- stalled axial compressor capacity which now aggre- 
gates more than one million cubic feet per minute. Of 
ues the turbo units installed in plants in this country, the To cast some light on the day-to-day operating 
und earliest machines are still operating after more than characteristics of the turbo machines, the experience 
est. eight years practically continuous use. A recently gained in the gasoline plants has been utilized as the 
ow published plant operating report? on six turbo-com- basis of this report primarily directed a, to individuals 
not pressors ranging in age from about two to eight years interested in the basic principles underlying turbo- 
ned showed overall operating time efficiencies of 98 per- compressor operation, particularly as used in cata- 
ort, cent, the oldest machine slightly bettering the aver- lytic cracking plants. b, to those evaluating and 
in age. To quote from this report: weighing repair and maintenance records’ of the 
“the installations have proved eminently satisfactory Houdry installed machines in terms of imposed 
ug: and have justified by performance their selection in operating conditions, c, to industries striving to adopt 
and preference to other types of units for the specific process variables to turbo-compressor characteristics. 
Ty- duties outlined—maintenance and repair on units as_ The phases of operation discussed in some detail in- 
sti- they are now developed may be conservatively esti- clude seasonal effects resulting from the yearly tem- 
mated as not in excess of ‘3 percent of capital in- perature swing and cyclic effects resulting from 
of vestment per year. changes in the process variables. 
1931) aii 
Potentialities The Houdry Cracking Process 
will In the immediate future, other applications of the In order to appreciate the performance of these 
wax, turbo-compressor may include its use in powering turbo units under the conditions which have been 
they fast, propellor-driven aircraft.? For ultra high speeds imposed upon them, a full understanding of the 
we the turbo-powered jet plane shows promise.? The 100 Houdry Catalytic Cracking Process and the function 
rated or more Velox steam generators built’® with capac- of these machines in that process is necessary. Re- 
nigh ities ranging up to 176,000 pounds per hour* substan- duced to essentials, aviation and high-octane gaso- 
rial late the turbo-compressor’s usefulness as a boiler line are made catalytically by passing vaporized heavy 
tures ff SUpercharger. In the field of large-scale industrial- oils through beds of pelleted catalyst. An undesired 
power generation, informed observers are forced to by-product of the cracking reaction is coke, which is 
cas § adopt a time-will-tell attitude as units still are being deposited on the catalyst and in its pores. As these 
1 & ¢Yaluated in terms of their future potentialities, par- deposits impair the catalyst cracking activity, they 
ticularly as regards the direct conversion of powered must be removed after each exposure of the catalyst 
ature ff {els to power.®*5-2° to oil vapors. This is accomplished by a controlled 
= From the brief review of the gas turbine’s com- combustion or regeneration using compressed and 
era @ mercial status, two conclusions are drawn: the turbo- preheated air as the oxidizing agent. 
ipsiss  COMpressor has proved its practicability and its use is In the static or fixed-bed process, continuity of 
ting extended to new industrial and commercial ap- flow of oil and regeneration’ air is obtained by crack- 
plications. ing in one pair of catalyst cases for a given time in- 
fo. IB November, 1945—A Gulf Publishing Company Publication {461} 135 





terval and then switching to freshly regenerated 
cases. A completely automatic timer® and valve sys- 
tem control operations according to a predetermined 
schedule. In one plant arrangement,’ multiples of 
three cases are used, each single case or pair crack- 
ing oil for 10 minutes, regenerating for 10 minutes 
and being vacuum purged the balance of the 30-min- 
ute cycle. In an alternate arrangement multiples of 
four cases are used, one case cracking oil for 10 min- 
utes while two cases are regenerated for 20 minutes. 


The air for regeneration is supplied by an axial 
compressor. After compression, the air is preheated 
to about 750°F and introduced into the cases where 
it burns off the coke deposit on the catalyst. Leaving 
at temperatures between 800-850°F and at pressures 
above 40 psi, the products of combustion pass 
through the gas turbine which drives the compres- 
sor and in addition produces 
minor amounts of excess power 











and, during the on-stream period, the small endo- 
thermic heat of cracking is supplied. By continuously 
circulating a salt side-stream to the steam generator, 
the necessary heat is withdrawn from the plant. For 
simplification, details of this system have been omit- 
ted from Figure 1, which shows only the relation of 
the turbo-compressor to its auxiliaries and a typical 
catalyst case being regenerated. 


Turbo-Compressor 


The 40,000 CFM machine is shown on the photo- 
graph of Figure 2 and some details of the blading 
appear on Figure 3. A unit of this capacity serves 
six catalyst cases and permits removal of coke de- 
posits amounting to as much as 6,000 to 6,500 pounds 
per hour. The detailed mechanical specifications of 
the turbo equipment have been described in the liter- 





as well. - 

By regenerating under pres- 
sure, several process advan- 
tages are gained. First, the re- 
generation is intensified and 
speeded up and a more com- 
plete removal of catalyst de- 
posit is obtained with conse- 
quent improvement in product 
quality. Second, the air sup- 
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plied is utilized with better 
combustion efficiency, result- 
ing in increased burning capac- 
ity and gasoline production. 
Another advantage is _ that 
pressurized regeneration per- 
mits the use of smaller proc- 
ess equipment throughout the 
regeneration system without 
exceeding practical velocities 
and pressure drops. From a 
standpoint of excess power 
generation it is highly desir- 
able to keep the system drop y 
small. 

Prior to the adoption in 1936 
of the Brown-Boveri type turbo 
machine, conventional recipro- 
cating and rotary blowers had 
been investigated but were dis- 
carded because of the extreme 
power demands as well as, in 
the case of the reciprocating 
units, undesirable flow pulsa- 
tion. 














LL === 
BURNER 

To complete the description 
of the process, the large 
amounts of power or its equiv- 
alent produced as a valuable 
by-product in the Houdry 
plants result from a very effi- 
cient conversion of almost all 
the heat liberated during re- 
generation into 450 psi super- 
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heated steam. To effect this 
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recovery, a molten salt, is cir- 
culated at temperatures of 800- 
850° F. through tubular heat- 
transfer elements in the catalyst 
cases. Exothermic heat of re- 
generation is absorbed thereby 


| STACK 


“136 462} 


GAS TURBINE COMPRESSOP 


MOTOR 


GEN. 
AUX. STEAM 
TURBINE 


FIGURE 1 GEAR 


Houdry Air System 





Petroleum Refiner—V ol. 24, No. Il Novem 









Deta 


atu: 
con 
ing 
63 | 
5-st 
950° 
42 7 
chin 
brin 
whe 
brin 
the : 
all ¢ 
to ti 
turb 









FIGURE 3 


Details of axial compressor 
blading. 


ature,’ so here it should suffice to mention that the 
compressor is a 20-stage axial machine with a pump- 
ing limit or maximum discharge pressure of about 
63 psig at rated speed of 5180 rpm. The turbine is a 
j-stage reaction type rated at 6200 horsepower at 
950°F inlet temperature, inlet pressure being about 
42 psig at normal flow. As usual with this type ma- 
chine, auxiliary starting equipment is necessary to 
bring the speed up to about 20 percent of rated 
where the machine becomes self accelerating. To 
bring the unit from this point to full operating speed, 
the system pressure drop is minimized by paralleling 
all catalyst cases and by-passing air from compressor 
to turbine as well. The burner in the line to the gas 
turbine (Figure 1), then is fired to obtain the tem- 


November; 1945—A Gulf Publishing Company Publication 


perature necessary to accelerate the unit. This gen- 
erally ranges from 850°F up to the maximum per- 
mitted inlet temperature of 950°F, depending on the 
rate of acceleration desired. After the machine is 
brought to speed, the burner in the compressor outlet 
line is fired, as this hot air stream is used‘to heat up 
the catalytic equipment. When cracking operations 
are begun, firing of both combustion chambers is 
stopped, the salt heater supplying the necessary air 
preheat without recourse to the compressor burner. 
The oxygen deficiency in the regeneration flue gas 
in the early stages of regeneration makes it unwise 
to fire the turbine burner, although it would be de- 
sirable from the standpoint of producing ¢éxcess 
power to have the regeneration flue gases enter the 


FIGURE 2 


Typical Houdry installation, 

showing axial compressor 

driven by combustion - gas 
turbine. 
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turbine at highest possible temperatures instead of 
at the 800-850°F level imposed by the process. 


Thermodynamic Cycle and Efficiencies 

To better visualize the effect of turbine inlet tem- 
perature and system pressure drop on compressor and 
turbine power, the thermodynamic path of the 
Houdry regeneration is mapped on Figure 4. As this 
enthalpy-entropy diagram was derived® for air, it is 
not recommended for the exact solution of. process- 
power problems because volumes of flue gas and air 
are not equal and the flue gas and air physical prop- 
erties differ appreciably, The increase in volume of 
the flue gas relative to the air results from combus- 
tion of hydrogen in the deposit to water vapor and 
the burning of part of the carbon to carbon monoxide. 
As the deposit contains 5-10 weight-percent hydro- 
gen, which apparently burns selectively during the 
early stages of regeneration, this volume increase is 
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FIGURE 4 


not negligible. About one-third of the carbon burns 
to carbon monoxide, the exact proportion depending 
chiefly on type of cracking catalyst used. These vol- 
ume increases are illustrated by the combustion 
equations following: 


Basis: 1 volume of oxygen 
C + 0,— 1 volume CO, 

2C + 0, — 2 volumes CO 

2H; + O: — 2 volumes H:O 









Applying the necessary corrections, power surveys 
have shown that the adiabatic compressor efficiencies 
average 81 percent and turbine efficiencies average 
85 percent in machines in good operating condition. 


Turbo-Compressor P-V Characteristics 


Since the compressor and turbine rotate at the 
same speed and handle related volumes of gas, the 
pressure volume characteristics must be considered 
in arriving at the overall P-V-curve for the set. As 
will be shown, the only significant items involved at 
rated speed of 5180 rpm, and_ usual turbine inlet tem- 
perature of about 800°F are the compressor suction 
volume which is capable of varying from 41,000 to 
42,800 cfm, the turbine inlet pressure which at stand- 
ard suction conditions can only vary between 43 and 
45 psig, and the maximum discharge pressure or 
compressor pumping limit which amounts to about 
62 psig at standard inlet conditions. A graph of these 
properties of the set is shown on Figure 5, which is 
a composite of shop test and plant operating data. 
For additional information concerning the _ break- 
down of compression at the pumping limit and the 
design and aerodynamic considerations involved, ref- 
erence should be made to the available literature.° 


Obviously for the set to function, the total flow re- 
sistance of the piping plus catalytic equipment can- 
not exceed (62-43) = 19 psi, the difference between 
pumping limit and corresponding turbine inlet pres- 
sure. In order to provide a margin of safety and to 
avoid overstressing a thrust bearing used in the set, 
design system pressure drops are held to about 8 psi, 
leaving a margin of 4 or 5 psi for unavoidable pres- 
sure drop increases during plant operations. Another 
consideration for keeping minimum system pressure 
drops is the desirability of minimizing power loss. 

The curves of Figure 5, applying to standard suc- 
tion conditions and turbine inlet temperatures of 
about 800°F, clearly show that turbine inlet pressure 
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FIGURE 5 


is substantially non-variant at a given compressor 
suction condition, and this serves as the pressure 
datum of the regeneration (combustion) equipment. 
The pumping limit represents the maximum or ceil- 
ing pressure which can be developed by the compres- 
sor. The operating pressure at the discharge of the 
compressor is in no sense arbitrarily determined, as 1 
equals the sum of the turbine inlet pressure plus the 
process-determined system pressure drop. This con- 
cept is emphasized because it is essential to an under- 
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Houdry air system flow relations. 
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standing of the machine operation and variations to 
which turbo-compressors are subject when operating 
on similar open cycles. The attempt frequently made 
to specify turbo units in terms of a fixed compressor 
discharge operating pressure and two or more de- 
lineated system pressure drops results in differing 
turbine inlet pressures purely fictitious and without 
significance in calculating power relations. 


Seasonal Variations 


The most fundamental characteristic of the turbo- 
compressors is the substantially constant suction 
volume of air pumped regardless of discharge pres- 
sure. As a necessary correlary it follows that the 
standard volume, cfm at 60° F. atmospheric pressure, 
varies markedly with ambient air temperature, the 
effect being inversely proportional to the absolute 
temperature ratio. Changes in suction pressure 
caused by air-filter pressure drop, operation at ele- 
vated sites and changes in the barometer, exert an 
effect proportional to the absolute pressure ratio. On 
Figures 6 and 7 variations in flow resulting from air 
temperature changes are graphed, using as a basis 
23,000 and 40,000 cfm suction volume, which is rep- 
resentative of many of the early units installed. Suc- 
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tion pressure has been taken as 14.4 psi absolute, 
corresponding to standard barometer and 9 inches of 
water air filter pressure drop. 

In arriving at the corresponding turbine inlet pres- 
sures graphed on Figure 8, use has been made of the 
derived approximate equation based on averaged 
characteristics of several machines. An inlet tem- 
perature of 800°F has been assumed: 


aS Om sas meat 

P=aW Pe = approximately a’w V T 

Virw.~ . 

where: P = turbine inlet pressure psi absolute 
aja’ =constants depending on machine clearances, 

etc. 
W = Flue gas flow rate lbs. / minute 
i = Turbine inlet temperature °F + 460 

M.W. = Flue gas molecular weight Ibs. Z mol. 
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FIGURE 10 
Houdry air system power relations. 





Having established the weight flow rate and tur- 
bine inlet pressure at the various air inlet tempera- 
tures, the variation in the regeneration system pres- 
sure drop—or in any of its components—are obtained 
by a trial-and-error calculation involving an assumed 


average system pressure and the known or calculated 
pressure drops at one flow-pressure condition, The 
breakdown of the system pressure drop for the 40,000 
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cfm unit is shown on Figure 9. At any given air inlet 
temperature, the corresponding compressor discharge 
pressure is merely the sum of the turbine inlet and 
sy pressure drop. 

Lit ite relations graphed on Figure 10 as func- 
tions of compressor inlet temperature have been cal- 
culated, using the previously determined pressures. 
Flue gas volume has been taken as 104 percent of air 
volume, corresponding to average operation. The spe- 
cific heat ratios or isentropic expansion exponents “n” 
used have been based on the data and method of 
averaging described in the literature.® Curves for net 
excess electrical power represent the difference be- 
tween turbine output and compressor input corrected 
for auxiliary steam-turbine windage, generator and 
gear losses. In terms of practical operating consider- 
ations, such as maximum auxiliary power demands 
and the extent of excess power production, the over- 
all seasonal power swing is of interest. The swings 
shown on Figure 10 are based on air temperature 
fluctuations in a foreign installation which admittedly 
are more severe than encountered in domestic plants. 
As a result, the power variations are correspondingly 
greater. When it is desired to iron-out these swings, 
this can be accomplished by operating the auxiliary 
steam turbine at some partial capacity so that its 
power plus the turbo’s excess power equals the de- 
sired yearly average output. In the Houdry appli- 
cation, where the turbo unit functions primarily as 
an air compressor, the relatively minor seasonal var- 
iations in air flow do not present a process problem. 


Cyclic Variations 


that variations in air-flow rate 


It has been 
due to seasonal changes in ambient air temperature 


seen 


affect the turbine inlet and compressor discharge 
pressure, the system pressure drop and power. 
Though to a lesser extent, changes in the products of 
combustion of the coke deposit also affect the fore- 
going as shown in the graphs of Figure 11 for a 
typical regeneration. The marked decrease in flue gas 
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FIGURE 11 
Turbo-compressor cyclic variations. 


when part of the compressed air is diverted to re- 
pressure the purged catalyst cases next in line for 
regeneration is responsible ‘for the major cyclic power 
dip. As the repressuring power loss is substantially 
constant throughout the year, it has been applied to 
the seasonal trend curves to obtain he maximum 
power demand shown as the dashed line of Figure 10. 

The electrical power developed during the regen- 
eration graphed on Figure 11 is not truly indicative 
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of machine efficiency and excess power generated be- 
cause some steam was being used in the auxiliary 
turbine to adjust power levels. This, of course, does 
not affect the cyclic variations under discussion. To 
minimize the power demand during repressuring, this 
period is spread to about two minutes, and the flow 
of repressuring air is limited to a more or less con- 
stant flow rate by mechanical throttling. If the cata- 
lyst cases were repressured suddenly, the power de- 
mand surge would increase proportionally. If desired, 
the surge could be eliminated by repressuring from 
a tank fed continuously by the compressor, but this 
refinement has not been warranted 

To give an idea of the magnitude of the flow varia- 
tion during regeneration, the results of a typical sur- 
vey are reproduced below. These data were obtained 
by Sun Oil Company engineers working under the 
direction of George H. Voelker. 
Basis: 400,000 Std. CFM Air, 3,060 Ibs./min. 




















FLUE GAS QUANTITIES 
Time from Start of Regeneration, Minutes Lbs./Minute Std. CFM a 

0.5 a ee 4 i Be 2S ery 2,973" 40,981 
1 pian — 3,141 42,512 
1.5 3,202 42,584 
Mh cide ia wpRAc dis isk neea dane es mien wea 3,231 42,565 
3 3,221 42,002 
5 3,178 41,422 
Died | 3,161 41,419 
9 3,139 41,285 

Average 3,161 41,600 








* This figure reflects air adsorption by catalyst and similar factors. 







The volume increase results from combustion of 
hydrogen in the coke to water vapor and combustion 
of part of the carbon to carbon monoxide. The carbon 
that burns to carbon dioxide results in no increase in 
volume. 

Conclusion 


Reviewing briefly the operating data and observa- 
tions reported, it is evident that variations in turbo- 
compressor air delivery performance due to seasonal 
factors have proved to be of minor importance in the 
Houdry application—particularly in view of the sav- 
ings in power resulting from use of the gas turbine. 
In consequence of process requirements, the ma- 
chines have been subject to a certain amount of 
cyclic variation, in spite of which, operating factors 
of 98 percent have been averaged over many years 
of service. Considering this on-stream time efficiency, 
maintenance costs which amount to about 3 percent 
of capital investment per year have been quite satis- 
factory. 

In the future, other process industries may well 
wish to avail themselves of the unique properties of 
the turbo-compressor, particularly as the self-pow- 
ered air compressor. The discussion of turbo pres- 
sure-volume characteristics and seasonal variations 
should serve as a useful guide in synthesizing the 
performance charts needed in process exploratory 


work. 
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Some Considerations in the 


Design of Class | Pressure Vessels 


E. J. HEELEY, 


Imperial Chemical Industries, Ltd., 
Dyestuffs Division, Blackley, Manchester, England 


A LTHOUGH in this country fusion-welding meth- 
ods of patching or repairing riveted mild-steel pressure 
vessels have been common for many years, the intro- 
duction of pressure vessels fabricated wholly by ‘fusion- 
welding processes and suitable for onerous operating 
conditions is a comparatively recent development, their 
employment having been commenced much later than in 
the United States, where the needs of industry, chiefly 
oil refining, had provided the impetus for experiment 
and advancement. 

The development of manufacturing technique was 
followed by the drafting of specifications in which the 
various tests, examinations, etc., considered essential 
by the parties concerned to the manufacture of this class 
of vessel, were detailed. These examinations included the 
employment of X-rays as a means of revealing defects 
in the welded seams, the introduction of this non-de- 
structive examination being one of the major contribu- 
tory factors in the advancement of the use of welded 
pressure vessels for onerous duties. 

One of the first of the specifications governing the 
standard of quality to be attained at the welded joints 
in such pressure vessels was the “Boiler Code” published 
by the American Society of Mechanical Engineers 
(ASME). This was followed later in this country by 
the “Tentative Requirements for Fusion-welded Pres- 
sure Vessels Intended for Land Purposes” published in 
1934 by Lloyd’s Register of Shipping, since superseded 
by rules in which the permissible working stresses are 
increased materially. 

These pioneer efforts defined the minimum standard 
of mild-steel welded pressure vessel construction re- 
garded as satisfactory at the particular period under con- 
sideration and, as will be known by those familiar with 
the two publications referred to, they not only provided 
lor various tests and examinations to be made during the 
manufacture of the vessels, but specified by means of a 
tormula connecting the internal working pressure, diam- 
eter, wall thickness, etc., the maximum working stress 
to be applied at a welded joint. 

It will be evident from an inspection of the ASME 
Boiler Code that the formula connecting working pres- 
sure, wall thickness, diametér, and permissible working 
stresses for a welded pressure vessel is identical with 
that employed for vessels having riveted joints, with the 
exception that the “efficiency” of the riveted joint is 
replaced by a similar term in respect of the welded joint. 
_ The ASME design formula for a cylindrical vessel 
is presented in the Boiler Code as follows: 


U-20. (a) For Internal Pressure. The maximum allowable 
working pressure on the shell of a pressure vessel shall be 
determined by the strength of the weakest course computed 
from the thickness of the plate, the efficiency of the longi- 
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i" fusion-welded mild steel pressure vessels gener- 
ally known in this country as “Class 1"’ welded pressure 
vessels are those of a sufficiently high standard of manu- 
facture to comply with the requirements of certain rec- 
ognized specifications, such as those referenced in the 
paper. Such vessels are constructed of good-quality 
mild-steel plate joined together by a metellic arc fusion- 
welding process. A radiographical examination is made 

of the full length of all the main seams, which are 
machined or dressed so as to be level with the surfaces 

of the plate on either side of the joint, and specified 
mechanical tests are carried ovt to ensure that the 
quality of the welded joint is of the required standard. 

The vessels receive a stress-relieving heat treatment on 
completion of the welding operations. 

The magnitude of the stress in the material is a 
dominant factor in the design of a pressure vessel, but 
difficulties arise in connection with the design of Class 1 
fusion-welded pressure vessels on account of the dif- 
ferent viewpoints of various authorities on the stress 
to be applied to the welded joint. The extent of these 
differences is shown in the paper by a comparison of 
vessels designed in accordance with the specification 
requirements of four leading authorities (two British 
and two American). 

An analysis is made of the factors involved in the 
formulae employed by these authorities for determining 
the wall thickness, and it is shown that the formulae 
have been based on the riveted form of construction | 
despite the very different conditions of stress at Class 1 
welded joints. 

The characteristic physical properties of such joints are | 
discussed in conjunction with the results of recent in- 
vestigations on their behavior under fluctuating stress 
conditions. A recommendation is made for a much- 
needed simplification in design formulae to take into 
consideration the actual characteristics of the welded 
form of joint. 

Illustrations are given of typical welding groove 
preparations for the attachment of flanges, branches, 
etc., designed to provide adequate accessibility for 
manipulation of the welding rods. 

This paper was read before The Institution of Me- 
chanical Engineers, London, England, December 15, 1944. 


| 
| 
| 
| 


SS ee ae 


tudinal joint, the inside diameter of the course and the maxi- 

mum allowable unit working stress. 

a ‘ ; ae : ti 

nn Maximum allowable working pressure, lb. per sq. in. 

where S = Maximum allowable unit working stress, lb. per ‘sq. 
in., taken from Table U-3. 

t= Minimum thickness of shell plates in weakest course, 
inches. 

E = Efficiency of longitudinal joint or of ligaments be- 
tween openings: 
for riveted joints = calculated riveted efficiency, for 
fusion-welded joints = efficiency specified in Paras. 
U-68, U-69, and U-70. 

R =Inside radius of the weakest course of the shell, 
inches, provided the thickness of the shell does not 
exceed 10 percent of the radius. If the thickness is 
over 10 percent of the radius, the outer radius shall 
be used. 


It should be noted that in the foregoing formula the 
factor S is made up of the ultimate tensile stress (as 
determined by tensile test) of the plate material, divided 
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by five; i.e. the “unit” working stress at the welded joint 
is a direct function of the ultimate breakdown by frac- 
ture in tension of the plate material under conditions of 
static, as distinct from fluctuating, loading. 

In these early days of the employment of welded 
vessels, it was perhaps not unnatural to regard the weld 
as a connecting link between the plate material at either 
side of the welded joint in the same way that the riveted 
joint with its rivets and cover straps (if any) formed a 
connecting link, i.e. to regard the jointing medium as a 
more or less weak link between the stronger parent 
plate material. 

The difficulty confronting those responsible for arriv- 
ing at a numerical value for the “strength” of a welded 
joint can well be appreciated, especially as information 
regarding the behavior of welded joints under operating 
conditions, i.e. fluctuating stress, etc., was not available 
to assist in arriving at the stresses to be permitted at the 
welded joint. Nevertheless, empirical values of “eff- 
ciency” were decided upon and inserted in the formula 
employed for the riveted form of construction. Thus, 
in these early days of fusion-welded pressure vessel 
manufacture, one of the most important factors in the 
design of welded vessels was “frozen”. 

The stress considered appropriate for the quality of 
the welded joint obtaining 10 or 11 years ago is still 
regarded as the maximum safe value, despite the de- 
velopments which have been made in welding rods 
and processes and the knowledge which is now avail- 
able concerning the behavior of these high-quality welded 
joints under fluctuating stress conditions. 


Characteristics of Class 1 Welded Pressure Vessels 

The progress of welded vessel manufacture was such 
that by about 1938 additional codes or specifications for 
the manufacture of pressure vessels had come into exist- 
ence in this country and, except for quite minor varia- 
tions, all were in agreement on the standard of ac- 
ceptability of the particular quality of mild-steel fusion- 
welded pressure vessels commonly known as “ ‘Class 1’ 
Welded Pressure Vessels.” 

Whilst the use of the term “Class I Welded Pressure 
Vessel” is generally well understood, it is perhaps advis- 
able to restate the more important features which taken 
together, distinguish vessels of this quality from those 
of a lower standard of construction, and particularly the 
measures employed to ensure a sufficiently high quality 
of welded seam, because it is evident that the load- 
bearing capacity of any welded seam is related to its 
quality. These features are: 

(a) Radiographical examination of every part of the full 

length of the main welded seams. 

(b) The determination of the quality of the welding of the 
main seam(s) by means of tensile, bend, and notched bar 
test specimens cut from a representative length of welded 
joint welded continuously with the main longitudinal 
seam(s). 

(c) The application of a stress-relieving heat treatment to the 
vessel after all the welding has been completed. 

(d) The elimination of abrupt changes of cross-section at the 
main welded seams by removing the surplus weld metal 
level with the surfaces of the parent plate. 

(e) The mild-steel plate is inspected and tested to ensure that 
it conforms with the standard of quality specified. 


Despite the wide variation of viewpoint on the load- 
carrying capabilities of Class 1 welded joints, the re- 
quirements governing the manufacturing and testing pro- 
cedure are identical except in minor details, and conse- 
quently the minimum physical properties of the welded 
joint are the same, no alteration being made in the 
manufacturing to suit any particular specification. 

In arriving at a suitable value of stress to be applied 
at a welded joint the operating temperature must be 
taken into account. It is, however, not intended to dis- 
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TABLE 1 


Wall Thicknesses of Cylindrical Shells 54 Inches Internal Diameter 
in 26-30 Tons Per Square Inch Plate Material. 


























Internal Pressure, Lb. per Sq. In. 
200 400 600 
Authority Wall Thickness, Inches 
Pi aiuhi dettetha iy bb Ob « 06 epee e+ ces 0.60 1.12 1.67 
i ¢y ae aa s 0.48 0.90 1.32 
ASME (Power Boiler Code)........ 0.51 1.03 1.54 
PA EE, GS bb.a0d O06 ceo bocce ache 0.39 0.79 1.20 
Minimum thickness. .>............ 0.39 0.79 1.20 
Maximum thickness............... 0.60 1.12 1.67 
TABLE 2 


Wall Thicknesses of Cylindrical Shells 54 Inches Internal Diameter 
in 28-32 Tons Per Square Inch Plate Material. 


Internal Pressure, Lb. per Sq. In. 





























200 400 600 
Authority Wall Thickness, Inches 
ad dcaGnl 6.08 cia i ele® Sx hae ¥ 0.54 0.99 1.45 
NS 6 oc dss ogee wih 36 0's 0.45 0.84 1.23 
ASME (Power Boiler Code)........ 0.48 0.96 1.43 
Es Ko 06k oh od ee eweeeeenh 0.36 0.73 1.10 
Minimum thickness............... 0.36 0.73 -. 
Maximum thickness. ............. 0.54 0.99 1.45 
TABLE 3 


Hoop Stress at Longitudinal Welded Joints of Cylindrical Shells 
54 Inches Inside Diameter in 26-30 Tons Per Square Inch Pilate 
Material. 


For 200, 400, and 600 pound per square inch working pressure 
(see Table 1). 








Internal Pressure, Lb. per Sq. In. 
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200 400 600 

Authority Hoop Stress, Thousands of Lb. per 
Sq. In. 
a tale tares eek s dein ord jG 0 ae BR 9.0 9.8 10.0 
Pe . owsak tbs bea eke 11.2 12.0 12.3 
ASME (Power Boiler Code)........ 10.5 10.5 10.5 
API—ASMB. .....ccccess “ehsiares 13.8 13.8 13.8 
Minimum... . 9.0 9.8 10.0 
PR ck dks aah ces ces 13.8 13.8 13.8 
TABLE 4 


Hoop Stress at Longitudinal Welded Joints of Cylindrical Shells 
54 Inches Inside Diameter in 28-32 Tons Per Square Inch Plate 
Material. 

For 200, 400, and 600 pound per square inch working pressure 
(see Table 2). 








Internal Pressure, Lb. per Sq. In. 























200 «=| 400 600 

Authority Hoop Stress, Thousands of Lb. per 
Sq. In. 

oa ai gat we oe bee om 10.1 11.1 11.4 
Lloyd’s Register................ 12.0 12.9 13.2 
ASME (Power Boiler Code)... . 11.3 11.3 11.3 
API—ASME... paiwesaae 14.9 14.9 14.9 
Minimum. . knamitisovtessd 10.1 11.1 11.5 
RG «ssc. cava ns errr 14.9 14.9 14.9 











cuss here the further complication of the temperature 
factor, but to consider the basic value of stress to be 
adopted for operating temperatures at which modifica- 
tion of the physical properties is not appreciable. 

In most* pressure vessels, with the notable exception 
of the majority of drums intended for water-tube boil- 
ers, the magnitude of the stress at the welded seams or- 
dinarily determines the thickness of the material, and 
it is evident that the permissible working stress at the 
welded joint must be decided upon before the design of 
the pressure vessel can be undertaken. In this respect 
the present position regarding permissible working 
stress at the main joints of pressure vessels is most un- 
satisfactory, in that each authority in this country and 
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m the United States appears to hold a materially dif- 
ferent view on the value to be employed. This has led 
to anomalies such as that of a pressure vessel which,: 
although constructed to the satisfaction of one particular 
authority, is regarded by another authority as “unsafe” 
for the desired working conditions. . 

Although the present paper deals with Class 1 welded 
joints, it may be mentioned that whilst some differences 
in opinion in respect of permissible safe working stresses 
at the welded joints of “Class 2” and “Class 3” vessels 
may reasonably arise out of lack of confidence in the 
quality of the lower grades of welded joints (in which 
quite extensive defects may be present undetected) such 
considerations do not obtain in welded joints of the rec- 
ognized “Class 1” standard of quality where the technical 
control of fabrication processes exercised by the manu- 
facturers, and the employment of radiographical exam- 
ination together with informative mechanical testing and 
recognized inspection procedure, ensures that the welded 
joints attain the minimum agreed standard of quality 
of which the physical characteristics are well estab- 
lished. 


Comparison of Vessels Designed to Meet Require- 
ments of Four Leading Authorities 


An idea of the magnitude of the differences in scant- 
lings of vessels designed in accordance with the require- 
ments of the various authorities for identical working 
conditions cannot readily be obtained by direct compari» 
son of the formulae employed, owing to the various 
factors involved, but is best obtained by comparing 
actual examples, such as cylindrical shells, designed in 
accordance with the respective requirements. The exam- 
ples taken for the purpose of comparison are those of 
cylindrical shells of Class 1 “unfired” pressure vessels 
having an internal diameter of 4 feet, six inches for 
which the wall thicknesses have been determined for 
both 26-30 and 28-32 tons per square inch plate material 
for internal working pressures of 200, 400, and 600 
pounds per square inch in accordance with the regula- 
tions of the following four authorities, two of which are 
British and the other two American. 


British Associated Offices Technical Committee (AOTC). 
: Lloyd’s Register of Shipping. 
American Petroleum Institute—American Society 
American of Mechanical Engineers (API—ASME). 


American Society of Mechanical Engineers 


(Power Boiler Code). 


_ The respective wall thicknesses (to the nearest 0.01 
inch are shown in Tables 1 and 2. 


The hoop stress values corresponding with the vari- 
ous shell thicknesses given in Tables 1 and 2 are given 
in Tables 3 and 4. (The “mean diameter” formula was 
employed in calculating the hoop stresses relating to the 
AOTC and API-ASME requirements and the “inside 
diameter” formula for Lloyd’s Register of Shipping 
and the ASME.) 


From the foregoing tables it will be noted that the 
permissible working stress in a Class 1 welded joint in 
26-30-ton per square inch plate material ranges from 
9000 to 13,800 pounds per square inch, whilst the varia- 
tion in 28-32 ton plate material is 10,100 to 14,900 
pounds per square inch. 

The foregoing data refer to the hoop stress in cylin- 
drical shells calculated for the various working pres- 
Sures stated, where the thickness at the welded joint 
varies according to the particular authority concerned. 
A further informative comparison, which shows the 
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TABLE 5 


Working Stress, in Tons Per Square inch, at a Class 1 Welded 
Joint in Plate Material 1 Inch Thick 


Cylindrical vessel, 54 inches inside diameter. 











AUTHORITY 
Strength of ASME 
Plate Material, y, er 
Thickness, Tons per Lloyd’s ler API— 
Inches Sq. In. AOTC R iter Code) ASME 
1 26-30 4.31 5.40 4.68 6.17 
1 28-32 4.96 5.82 5.04 6.65 




















different permissible stresses at welded joints of speci- 
fied thickness, is given by comparing cylindrical shells 
of identical dimensions, i.e. where the internal diameter 
and wall thickness are identical. The permissible stress 
(given in tons per square inch for comparison with en- 
durance test results, etc.) at these identical welded joints 
is shown in Table 5. 

The particulars to which reference has been made 
previously are those of moderately sized vessels, but. 
there is no doubt that larger vessels will be required in 
the chemical industries in the very near future. The 
question of the value of permissible working stress 
to be employed assumes more serious moment in that 
unnecessary weight and thickness must be avoided for 
obvious reasons, particularly because vessels of exces- 
sive weight and thickness may be outside the handling 
capabilities of the manufacturers in this country, and 
because of the difficulties inseparable from the produc- 
tion of sound welds in thick-walled vessels. 

It is therefore of interest to compare wall thicknesses 
of vessels of larger diameter than those already dis- 
cussed with a view to ascertaining the magnitude of the 
difference between the various authorities quoted. Table 
6 refers to vessels 9 feet inside diameter made of 28-32 
tons per square inch parent plate material. 

It will be seen from the various facts given above, 
that serious difficulties encumber the designer of pres- 
sure vessels in deciding which of the values of per- 
missible working stress provides the correct basis for 
design requirements of Class 1 welded pressure vessels. 
One deduction cannot be avoided, namely, if vessels 
having the highest working stress (API-ASME Code) 
are “safe”, then the vessels constructed to the require- 
ments of other authorities are unnecessarily thick. On 
the other hand, if the thicknesses required by certain 
authorities are necessary in the interests of safety, 
then vessels made to the requirements of authorities 
such as the API-ASME are unsafe. 


Analysis of the Requirements of Four Authorities 


In investigating the reason for the considerable dif- 
ferences in the permissible working stresses at Class 1 
welded joints, it is necessary to examine the mechanism 
employed by the various authorities in arriving at the 
respective wall thicknesses. The following are the 
major factors involved: 


(1) The means of determining the relationship between the 
diameter of the vessel, the working pressure, and the 
wall thickness. 

(2) The lower limit of the tensile strength of the plate mate- 
rial as ordered. 

(3) A so-called “efficiency factor” for the welded joint. 

(4) A “correction factor” to be added to the thickness deter- 
mined in accordance with (1), (2), and (3). 


These four factors are discussed in the corresponding- 
ly numbered sections below 


(1) The Means of Determining the Relationship between the 
Diameter of the Vessel, the Working Pressure, and the Wall 
Thickness. The formula employed by Lloyd’s Register of Ship- 
ping and the ASME (Power Boiler Code) is the “inside dia- 
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TABLE 6 


Cylindrical Vessels 9 Ft. O In. Inside Diameter in 28-32 Tons 
Per Square Inch Plate Material. 





Internal Pressure, Lb. per Sq. In. 











Authority Wall Thickness, Inches 
EL nod Ta ain e 0-Gts bie pc o cheae ne 0.98 1.91 2.89 
sd. es od gin. w obese 0.84 1.62 2.39 
eo 6 os hkawoent 0.75 1.52 2.29 








Whilst, taki:.g the value of permissible stress in the tube plates of water- 
tube boilers given in B.S.S. 1,113, the corresponding thicknesses in inches, are:— 


| 2.32 


meter,” whilst that employed by the AOTC and API-ASME is 
the “mean diameter.” 

It is considered that on theoretical grounds the “mean dia- 
meter” formula is preferable, but the effect on the eventual wall 
thickness, whilst not unimportant, is, however, small compared 
with the difference in opinion regarding the permissible working 
stress at the welded joint. 

(2) The Lower Limit of Tensile Strength of the Material 
Ordered. Except in the case of the AOTC rules, if the material 
is ordered to comply with the range 26-30 tons per square inch, 
the lower limit of 26 tons per square inch is taken for purpose 
of calculation, whilst if the range of material is specified as 28- 
32 tons per square inch, the lower value of 28 tons per square 
inch is employed in determining the scantlings. In the case of 


British Standard Specification 
(B.S.S.) No. 1,113 (1943)........ 1.00 1.57 

















FIGURE | 
Diagram Illustrating the Stress Distribution at a Typical Rivet Hole 


(Compression stress is indicated by vertical lines.) 


the AOTC rules, the stress used in connection with the 26-30 


24.3 : 
tons per square inch material is = that of the 28-ton material. 


(a) It will be observed from an examination of the tables, etc., 
that each authority modifies the maximum permissible stress in 
the welded joint according to the lower limit of the range of 
tensile strength to which the material is ordered. An examination 
of the relevant facts, however, will show that this procedure is 
incorrect for a number of reasons, perhaps the most important 
reason being that there ts no difference in the manufacturing 
procedure or the physical properties 4 the eventual welded joint 
whatever range of material is specified, i.e. the deposited weld 
metal is the same whether the parent plate is 26-30 or of 28-32 
tons per square inch material. 


It is evident that the various authorities regard the welded 
joint as a weakness in a pressure vessel, i.e. “weaker” than the 
parent plate, and their scantlings are based upon this conception. 
As the “strength” of the welded joint is the governing factor 
concerning permissible working stresses, and as there is no dif- 
ference in the physical characteristics of welds whether made in 
26-30 or in 28-32 tons per square inch plate, no difference should 
be made in the allowable stresses in the welded joint whether the 
parent plate material is 26-30 or 28-32 tons per square inch. 


(b) Unless the plate material of the 28-32 tons per square 
inch range is ordered to be supplied in the “normalized” condi- 
tion there is no guarantee that the minimum tensile strength of 
the plate material, as it appears in the finished vessel, is within 
the 28-32 tons per square inch range. 

It should not be forgotten that the stress-relieving heat treat- 
ment given to all Class 1 pressure vessels for the purpose of 
relieving the residual stresses in the welded joint is also beneficial 
in relieving stress due to cold working, chilling, etc. in the 
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parent plate material, and may thus modify the physical char- 
acteristics as shown by the acceptance tests. 


Conclusion. Such distinction as has been made in safe work- 
ing stresses of welded joints between 26-30 and 28-32 tons per 
square inch parent plate material respectively in a Class ] 
welded pressure vessel has no sound foundation in actual fact 
and it is therefore erroneous to regard the “strength” of a 
Class 1 welded joint in mild steel to be a function of the tensile 
strength of the parent plate. 

(3) A So-called “Efficiency” Factor for the Welded Joint. In 
all cases but that of the AOTC, a value of “weld efficiency” 
has been substituted for the “efficiency of the riveted joint”, in 
the formulae previously employed in connection with riveted 
pressure vessels, thus revealing that (a) no account has been 
taken of the important difference between the distribution of 
Stress at the welded joint as compared with that at the riveted 
form of construction, and that (b) the “strength” of the welded 
joint has been regarded as a function of the “strength” of the 
parent plate material. 

The riveted-joint formulae do not take into account, except 
by means of the “factor of safety,” the important local stress 
concentrations which occur when the stress is transferred from 
the plate to rivet, rivet to cover strap, cover strap to rivet, rivet 
to plate, etc. (see Figure 1), neither are the stresses set up in 
the plate during the riveting process and the residual stress 
remaining as a result of bending the plates to the cylindrical 
form, those set up due to “caulking”, “fullering”, etc., allowed 
for except by the same “factor of safety.” (These particular 
“unknowns” are absent in the welded joint of a Class 1 mild- 
steel pressure vessel.) 


In a riveted vessel the ‘breathing” due to fluctuations in in- 
ternal pressure causes additional local stressing, particularly at 
the inner rows of rivet holes of the shell plate and the outer 
holes of the butt strap, which is not taken into consideration 
(except by means of the safety factor) whilst the high residual 
stresses at the rivet holes remaining as a result of the hot riveting 
Speration are still more important “unknowns” covered by the 
useful “factor of safety.” The extent of the work hardening 
brought about during the bending and riveting operations will 
be observed from Figure 2 which shows a Brinell hardness ex- 
ploration of a typical section cut from a riveted seam. 

Nevertheless, despite the apparently adequate “factor of safety” 
applied in determining the proportions of riveted joints, failures 
of those joints do occur from time to time due to fractures 
originating at, and being propagated from, locally over-stressed 
material. 

Careful examination of a large number of failures of riveted 
pressure vessels reveals that the nominal “hoop stress” utilized 
in the calculation of the plate thickness is rarely a major con- 
tributory factor in the actual failure, the fracture of the metal 
being due mainly to-stresses arising in other ways (such as those 
previously described. ) 

It will thus be appreciated that because of the complex stresses 
at riveted joints arising out of the transference of stress via rivet 
holes, rivets, cover straps, etc., and the additional stresses set 
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FIGURE 2 
Brinell Hardness Exploration of Plate Material Adjacent to a Rivet Hole 


Section taken at random from a riveted longitudinal seam of 
a water-tube boiler drum. 


up during the actual riveting operation, the values of permissible 
working stress employed in riveted joint calculations are purely 
nominal, and rarely bear any accurate relationship to the actual 
stresses in the material, especially at the regions of weakness, 
ie. the rivet holes. Unfortunately in the formulae of the four 
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guthorities previously quoted, the stress-carrying capacity of a 
high-class welded joint is rated at less than that of the strained 
material at the riveted joint. It is, however, fortunate that the 
nominal values of permissible working stress employed in calcu- 
lations of the riveted form of joint are in the main satisfactory 
for this form of construction. 

(It is not the author’s purpose to discuss the correctness or 
otherwise of the assumptions which have been made in the past 
in this connection, but it should, however, be pointed out that 
the value of permissible working stresses ordinarily adopted is 
not more than a nominal value which includes sufficient margin 
to take care of working stress plus the other localized stresses 
around rivet holes which are not readily computable.) 

As regards the employment of an “efficiency factor” in the 
formulae employed in calculating the scantlings of pressure 
vessels (implying that the “strength” of a joint is a function of 
that of the material on either side of the joint), this may be 
justifiable in the case of the riveted type of joint which involves 
weakening of the material by the removal of metal to provide 
rivet holes. These considerations do not, however, apply to the 
conditions obtaining in a high quality Class 1 welded seam in 
which the joint is made by weld metal of known physical char- 
acteristics. 

Conclusion. It is evident from a consideration of the number 
and magnitude of important variables (unknowns) in the riveted 
form of construction, the absence of many of these variables and 
the introduction of others in the welded form of construction, 
that the combination of “efficiency factor” and “factor of safety” 
employed in determining the scantlings of riveted pressure 
vessels should not logically be employed in arriving at the 
scantlings of pressure vessels having welded joints, but that a 
value of permissible stress at the welded joint derived from a 
knowledge of the physical properties (fatigue, etc.) of commer- 
cial Class 1 welded joints, should be employed, consideration 
being given to the characteristics and behavior of welded joints 
when subjected to the type of stressing encountered in pressure 
vessels. 

Correction Factor. There seems to be little advantage in hav- 
ing a “fixed correction factor” generally of the order of 1/16- 
inch, such as that specified by the British authorities in the 
formula connecting working pressure, wall thickness, diameter, 
and hoop stress, because this cannot be regarded as an allow- 
ance for corrosion in those cases in which such allowance should 


be made. 


Considerations Applicable to the Welded Joint to Be 
Taken Into Account In Deciding the Optimum 
Value of Permissible Working Stress At 
the Welded Joints of Class 1 Pressure 
Vessels 


The previous comments serve to show the difficulties 

which confront designers of Class 1 pressure vessels in 
deciding from a study of published requirements the 
value of stress at the welded joint which is safe. It 
will have been observed that in every case the per- 
missible working stress at a welded joint is based on 
that allowed at a riveted joint despite the fact that the 
stress conditions at a welded joint are not comparable 
with those at a riveted joint. 
_ In fixing the safe working stress at a welded joint it 
is obviously necessary to abandon the “riveted joint” 
conception and take into consideration the features 
peculiar to welded joints in Class 1 pressure vessels, 
namely : 

(a) The physical characteristics under fluctuating stress con- 

ditions of the lower quality of welded joint which will 
satisfy Class 1 requirements. 
The difference between “actual” stresses which will be im- 
posed upon the material under working conditions and the 
“nominal” values ordinarily employed in the calculations 
of a vessel of “ideal” shape, thus taking into account any 
additional local stressing in the vicinity of the welded joint 
arising out of any local departure from the ideal shape. 

Taking the first factor (a), it is necessary to bear in 
mind that weld. metal is mild steel having a chemical 
composition not greatly different from that of the parent 
plate material, and its physical characteristics are simi- 
lar. As regards the highly important quality of. ductility, 
good weld metal is not inferior to mild-steel plate in this 
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respect, whilst the modulus of elasticity and the “en- 
durance” of specimens of weld metal under repeated 
applications of stress are of the same order as that of 
specimens of mild steel. Therefore for all practical pur- 
poses good weld metal may be regarded as not material- 
ly different in physical characteristics from good mild 
steel. 

When a welded joint is subjected to tension stress 
at right-angles to the welded seam, the whole of the 
material involved (i.e. parent plate, weld metal) be- 
haves in an elastic manner, provided that the stress 
does not exceed the yield point of any of the constitu- 
ent parts. Upon removal of the applied load the mate- 
rial will return to its original dimensions. The amount 
of extension under load is, of course, dependent on the 
modulus of elastacity of the materials and is not a func- 
tion of the tensile strength. Figures 3, 4, and 5 are the 


30- MAXIMUM 
STRESS 28-3 








z 

62° yietD 
* | POINT 
& | _ 169 
a 

w 

a 

re) 

pa 

| 

B 

i 19- 

= 

w 

















0 10 20 30 

STRAIN—PER CENT 
FIGURE 3 
Stress-strain Diagram of Parent Plate Material from a Test Plate of a 
Class 1 Welded Pressure Vessel 


The load was removed at 20 tons per square inch and then 
re-applied. 


stress-strain diagrams typical of (i) parent plate, (ii) 
all-weld-metal, and (iii) a cylindrical specimen taken 
so as to include in the parallel portion both weld metal 
and parent plate. It will be observed that because the 
modulus of elasticity of weld metal is not materially 
different from that of mild-steel boiler plate, uniform 
elastic extension of parent plate, weld metal, etc., takes 
placé when stress is applied (provided it is not sufficient- 
ly high to cause yielding of the material.) Consequently, 
the presence of the weld metal does not affect the stress 
distribution to cause any local increase of stress when 
the applied stress is within the elastic range of the 
plate material. 

Therefore, at stresses below the yield point of the 
material involved a Class 1 welded joint suffers uniform 
elastic extension and, over a range of stress not ex- 


‘ ceeding the yield point of the material, the component 


parts of a welded joint behave in a uniform elastic 
manner. 
The physical properties determined by the mechanical 


tests ordinarily applied in assessing the quality of 


welded seams do not, however, provide an indication of 
the behavior of the welded joint under the influence 
of the varying stresses imposed under operating condi- 
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tions. Recourse must therefore be made to tests carried 
out under fluctuating, as distinct from steady, stress 
conditions to assess the strength (or weakness) of the 
welded joint. 

The discontinuities which may be present in a welded 
joint wil! have an adverse effect on the “endurance” of 
the latter under fluctuating stress conditions. Parent 
plate material is never free from discontinuities, but 
those within the plate, i.e. not at the surface, are almost 
invariably situated parallel with the direction of hot roll- 
ing of the plate, and thus have no appreciable deleterious 
effect on the endurance of the material when fabricated 
in a pressure vessel because the defects occur in layers 
parallel with the major stress. In both hand- and 
machine-welded joints any defect which is present is, on 
the contrary almost invariably disposed with the major 
axis at right-angles to the direction of the major stress 
in the vessel, and consequently acts as a “stress raiser.” 
Hence, as regards behavior under tension conditions, a 
welded joint is not to be regarded as fully equivalent 
to the unperforated parent plate despite considerations 
of “tensile strength of the welded joint.” 

However, in a Class 1 welded joint, by the application 
of radiographical examination to the full length of all 
the welded seams, control is exercised over the size and 
type of discontinuity permitted to remain in the welded 
joint. This ensures that any defects remaining in welded 
joints of Class 1 pressure vessels are likely to be small 
and of little adverse effect, a feature which is not ap- 
plicable to welded joints not subjected to radiographical 
examination. In view of this, together with the mechani- 
cal testing which is carried out to assess the quality 
of the welded joint in Class 1 pressure vessels, fluctuat- 
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FIGURE 4 
Stress-strain Diagram of an All-weld-metal Tensile Test Piece 
(transverse to line of welded joint) 


Taken from same test plate as in Figure 3. 


ing stress tests, carried out on representative specimens 
are to be relied upon as characteristic of Class 1 
welded joints in general, and sufficient work has now 
been carried out to enable fluctuating stress test results 
to be taken into serious consideration in arriving at safe 





* Lea, F..C., and Whitman, J. G., 1941 Proc. I.Mech.E., vol. 144, 
p. 132, “Fatigue Tests of Structural Steel Flats and Bars Cut from 
Butt-welded Boiler Plate.” 
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working stresses. (It should be appreciated that the 
results of such tests, having only been published within 
the last four or five years, were not available when most 
of the authorities drew up their regulations.) For 
example, the late Professor Haigh (Royal Naval Col- 
lege) carried out numerous “push-pull” tests upon speci- 
mens which included the full thickness of commercially 
manufactured welded joints (as distinct from machined 
and polished specimens cut from welds) and showed 
that the “ordinary” Class 1 welded joint will withstand 
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FIGURE 5 


Stress-strain Diagram of Composite Test Piece 


The parallel portion included equal parts of weld metal and 
parent plate material, the fusion zone being at mid-length. 
Same test plate as in Figures 3 and 4. 





indefinitely, without fracturing, a fluctuating stress of 
+ 9 tons per square inch. Professor Haigh also carried 
out tests on some specimens selected by the author from 
welds which contained rather more porosity than would 
have been acceptable in a Class 1 weld and these showed 
an endurance value in excess of + 9 tons per square 
inch at 210® fluctuations of stress. Figure 6 shows one 
of the test pieces on completion of the test.) 

A summary of the results of repeated stress testing 
indicates that typical welds of Class 1 quality are able 
to withstand without failure repeated applications of 
fluctuating stresses ranging between —9 and ++ 9 tons 
per square inch, which is, of course, a much more 
severe testing condition than the application of stress 
of half this range, that is from 0 to 9 tons per square 
inch tension. It is therefore evident that welded joints 
capable of withstanding stress ranging from 0 to 9 tons 
per square inch are not likely to fail at the stress of 
6.5 tons per square inch, which the author recommends 
as the optimum value for Class 1 pressure vessels. 

Other work on fluctuating stresses includes some re- 
sults obtained by Professor F. C. Lea and Dr. Whit- 
man.* The tests were made under “repeated bend” con- 
ditions as distinct from the “push and pull” tests of 
Professor Haigh, and the results were expressed in 
terms of a comparison between rolled plate material and 
welded joints in boiler plate material. The authors estab- 
lished that “nominal” stresses equal to those allowed 
in vessels containing drilled or other holes might safely 
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be permitted and that surface imperfections such as 
stamp marks on the surface of the parent plate or weld 
metal were more important factors in originating a 
fatigue failure than the defects ordinarily encountered 
in welded joints of Class 1 quality. The deleterious 
effect of surface imperfections was not materially dif- 
ferent whether they were present in the weld metal or 





FIGURE 6 
Fatigue Test Specimen from Weld containing Porosity 


Push-pull fatigue specimen of full thickness of welded joint con- 

taining excessive porosity (cavities). The fracture commenced 

at a defect in the weld metal near the junction of weld and 

parent plate. The specimen was etched to show the position 
of the weld. 


in the parent plate adjacent to the weld metal, and the 
conclusions were that a Class 1 welded joint can be re- 
garded as satisfactory to withstand the same nominal 
working stresses as are ordinarily applied to plate mate- 
rial containing rivet holes, tube holes, etc. 

Whilst the significance of the results obtained by sub- 
jecting full sections of Class 1 welded joints to fluctuat- 
ing stress tests may not be fully appreciated (perhaps 
because of the possibly misleading values obtained on 
rotating fatigue tests of polished specimens cut from 
welded joints) there is no doubt that they furnish in- 
formation of the stress-carrying capacity of welded 
joints which no static test can possibly provide. There 
may, however, be objections that the fluctuating stress 
test results cannot be related to past experience with 
welded pressure vessels. This is, of course, true because 
of the relatively short period of time during which 
Class 1 pressure vessels have been employed, particularly 
in this country (i.e. compared with vessels having riveted 
seams ). 

It is, however, certain that no comparison can use- 
fully be made between the behavior of riveted and 
welded joints, because of the very material differences 
between the nature of the stressing and even the condi- 
tion of the material at the joint. (As has been mentioned 
previously, the riveted joint involves transference of 
stress from plate to rivet, rivet to cover strap, etc., 
and these stresses are applied to material which is in the 
more or less strained condition, and which contains 
residual stress of a considerable magnitude. The welded 
joint is subject to direct stress whilst it is, by virtue of 
the stress-relieving heat treatment, free from residual 
stress. ) 

Although it is evident that the joint in a riveted 
vessel gives no useful basis for an assessment of the 
behavior of a welded joint, the tubeplate portion of a 
riveted vessel such as a boiler drum does provide a form 
of comparison in that the stress is continuous (tension) 
through the plate, as distinct from the localized com- 
Pression and tension stresses inseparable from the 
tiveted joint, whilst the metal contains discontinuities 
(tube holes) which act as stress raisers. Complete free- 
dom from residual stress in the plate material cannot 
be guaranteed (owing to the expanding of the tubes, 


etc.) but its magnitude is less at a tube hole than in the 
case of a riveted hole. 

The discontinuities in a tubeplate act as quite impor- 
tant stress raisers because, although tube holes have 
a regular shape as distinct from the possibly irregular 
shape of inclusions in a welded joint, they do involve a 
discontinuity through the full thickness of the plate. In 
welded joints the radiographical examination carried 
out as part of the normal manufacturing procedure 
limits the maximum size of discontinuity in the metal 
and no inclusion or void having the same deleterious 
effect as a tube hole would be permitted to remain in a 
Class 1 welded joint. Therefore it is logical to take as a 
safe value of stress the values which obtain with satis- 
factory results in tube plates, and it is in this connection 
that mention should be made of the recently issued 
British Standard Specification No. 1,113 (1943), in 
which a value of 14,000 pounds per square inch (6% 
tons per square inch) is quoted for the permissible 
working stress in a plate containing tube holes. It is 
evident that a stress of this order can be employed 
with absolute confidence at a Class 1 welded joint. 

As regards the second factor (b), experience of the 
dimensions and shape of the usual Class 1 welded pres- 
sure vessels shows that the cross-section of the cylin- 
drical portion may not be truly circular, this limitation 
in commercial manufacture being recognized by most 
specifications which permit a limited amount of ovality 
of cross-section. It is also recognized that a limited 
amount of departure from the ideal form in the neigh- 
borhood of a welded seam may be unavoidable. As a 
consequence of these departures from the ideal form, 
there is the possibility that local stress conditions may 
be greater than the theoretical values, i.e. those which 
obtain in the case of accurately bored and turned cylin- 
drical shells (solid forgings, etc.) (Incidentally, though 
riveted vessels rarely conform to the “ideal” form, par- 
ticularly at the riveted seams, this does not seem to at- 
tract the same attention as in welded vessels.) 

Attempts have been made to calculate the additional 
local stresses imposed upon the shell of a slightly oval 
pressure vessel when internal pressure is applied (tend- 
ing to reduce the original ovality) as well as that in- 
volved at any local departure from the ideal form 
which may be present in the vicinity of a welded 
seam. The determination of the magnitude of the addi- 
tional stressing presents considerable difficulty but in 
this connection it must be borne in mind that the addi- 
tional stresses are mainly ‘extreme fibre” stresses and 
not “average” stresses. 

It is fortunate that the application of the usual 
hydrostatic test, whereby a “straightening-out” process 
takes place, limits the magnitude of any local stresses 
arising out of these departures from the ideal form. For 
example, if the hydrostatic-test is carried out at twice 
the working pressure, the greatest stress in the material 
when the vessel is subjected to its working pressure is 
one half of the yield point value of the material. Thus if 
the metal involved is ductile the ovality question is 
relatively unimportant because of the valuable property 
possessed by mild steel of local plastic deformation 
withqut cracking. That this applies to weld metal and 
welded jomts is demonstrated by the bend test applied 
to representative test pieces from Class 1 welded seams. 

Experience of pressure vessels under operating condi- 
tions may be of greater significance to the majority of 
engineers than the results of experimental work, hence 
attention is drawn to the large number of vessels now 
in service in the United States which have been con- 
structed to comply with the requirements of the API- 
ASME Code. Many of these vessels are employed in the 
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petroleum industry and are required to operate under 
arduous conditions of temperatures and pressure. De- 
spite these conditions the API-ASME Code is in in- 
creasing use and it would therefore appear that prac- 
tical experience has not given rise to any difficulties 
regarding the values of permissible stress employed on 
these pressure vessels, namely 6.5 tons (14,560 pounds) 
per square inch. 
Corrosion Allowance 
In designing pressure vessels it is generally necessary 
to make provision for some reduction in wall thickness 
to take place under operating conditions as a result of 
corrosion or erosion or both, but the formula for deter- 
mining the safe working pressure of a vessel should not 
include a fixed value of C. A distinction should be made 
between the two separate matters: 
(a) The wall thickness needed for the particular working 
pressure involved; and 
(b) The initial wall thickness required to ensure that, during 
the whole of its operating life, the wall thickness of the 
vessel will not fall below the value required for (a). 
Allowance for wastage should thus be made after the 
scantlings have been determined from considerations of 
stress, etc., as, for example, in the numerous pressure 
vessel employed in the chemical industry in which a 
gradual corrosion and, or alternatively, erosion wast- 
age must be taken into account. In these vessels the de- 
sign is primarily based on stress considerations, but ad- 
dition is made to the wall thickness to provide for the 
desired working life. A gradual reduction in wall thick- 
ness is permitted, but as soon as the additional thickness 
has been removed the vessel must be withdrawn from 
service. This method has the advantage that the person- 
nel responsible for the regular inspections are in no doubt 
as to the limiting thickness for the vessel under review. 


Recommendation (Ordinary Temperatures) 

It is now suggested that the experience available in 
this country of the quality of Class 1 welded joints as 
normally manufactured, coupled with the result of ex- 
tensive experimental work should be taken into account 
in fixing the optimum value of permissible working 
stress at the welded seams to be employed in determin- 
ing the scantlings of Class 1 pressure vessels. 

The employment of an “efficiency factor” based on 
a riveted joint formula should be abandoned in favor 
of a value of permissible working stress derived from 
considerations applicable to the welded form of joint. 

No difference as regards stress in the welded joint 
should be made between parent plate material having 
a tensile strength of 26-30 tons per square inch and 
that having a tensile strength of 28-32 tons per square 
inch. 

It is considered that the permissible working stress 
value to be employed as a basis of design should be 6.5 
tons per square inch, a value which has been employed 
for many years in vessels working in the American 
petroleum industry, and which is justified on considera- 
tion of stresses allowed in tubeplates and backed up by 
research work carried out in this country on the be- 
havior of Class 1 welded joints under fluctuating stress 
conditions. 

It is the author’s suggestion that where the stress at 
the welded joint is the controlling factor in determining 
the wall thickness of a Class 1 welded pressure vessel, 
the logical formula for the relationship between maxi- 
mum working pressure, diameter, and wall thickness in 
a vessel in which the tensile strength of the parent plate 
material is between 26 and 32 tons per square inch 
should be the following: 

PXD 
29,120—P 


i= 


148 [474] 








vessel should be: 
PXD_ 


T= ,120—P +© 

In these formulae, T denotes the thickness, in inches, 
P the internal working pressure, D the inside diameter, 
and C the allowance for corrosion wastage (or erosion), 

The adoption of these expressions would give a much- 
needed simplification in the design of Class 1 welded 
pressure vessels and would allow advantage to be taken 
of their valuable features. 


Design 


Attachment of Endplates. Although the question of 
scantlings is the major difficulty in the design of 
pressure vessels, many points remain the subject of 
discussion and difficulty between the designers and 
those responsible for the fabrication. For example, 
in connection with the position of the welded cir- 
cumferential joint attaching a dished end to a cylin- 
drical shell, it has sometimes been specified that the 
distance of the welded joint from the end of the 
curved portion of the endplate should be a function 
of the thickness of the plate material. Whilst this is 
quite a reasonable condition in the case of riveted 
joints, the same considerations do not arise in welded 
joints. In fact, in the latter it is only necessary to pro- 
vide sufficient plate material of uniform thickness at 
each side of the weld to permit of the optimum con- 
ditions for radiographical examination (see Figure 
7). It may be argued that additional minor stresses 
due to the flexure of the endplate are imposed on the 
material in the neighborhood of the circumferential 
welded seam, but these are unlikely to be of any 
material importance in limiting the operating life of 
a vessel. 




















; FIGURE 7 
Attachment of Dished and Flanged Endplate to Cylindrical Portion 
Where the endplate is thicker than the shellplate the metal should 
be machined from the outer surface. The inner surfaces should 
be continuous to permit the cassette to be placed in contact with 
the “back” of the seam. 


Attachment of Flanges and Branches. The attachment 
of flanges and branches is a matter in which the de- 
signer can assist materially in the welding procedure 
and in the quality of the resultant welded joint. In 
particular it is essential to provide adequate accessi- 
bility for the manipulation during the welding 
process, because no useful radiographical examination 
can be made. 

In this connection mention may be made of the 
illustration contained in a recently published British 
Standard Specification which may readily give rise to 
misleading conceptions unless the difficulties ot 
manipulation of electrodes are thoroughly appre- 
ciated. For example, in Figure 8 it is extremely 
doubtful if welding grooves of the dimensions shown 
would be readily accessible during .welding opera 
tions, whilst in the case of the weld marked A, unless 
the distance between the flange and the vessel hap- 
pened to be greatly in excess of the usual dimensions 
for such items, very little of the welding groove 
would contain sound weld metal. It is, of course, 







and that the formula to be used in designing such a 
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realized that in the illustration, minimum dimensions 
of the weld are shown, but nevertheless the picture 
presented is misleading. oS 
An improvement could be effected by modifying 
the welds considerably, reducing the depth of the 
welding grooves in some instances and yet providing 
ample material to carry the stresses involved. For 
example, in the case of the attachment of a flange to 
a branch or standpipe, welds of the type shown in 
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FIGURE 8 
Examples of Relatively Inaccessible Welding Grooves 
Under certain conditions the type of welding groove preparation 
shown may be relatively inaccessible during the welding opera- 
tion. Correct manipulation of the welding electrode is difficult at 
the root of the deep narrow welding grooves. 
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FIGURE 9 
Attachment of Flange to Branch 
The shape of the welding groove permits deposition of the weld 
metal in the downhand direction and facilitates manipulation of 
the welding rod. The width of the “throat” of the fillet weld at 
the “back” of the flange is a function of the thickness of the 
branch pipe when the latter does not exceed 1 inch. Above this 
value a groove would be provided. 


Figure 9 are entirely adequate except when the wall 
thickness of the branch exceeds 1 inch, in which case 
itmay be desired to provide a welding groove at the 
back of the flange in order to avoid an unnecessarily 
large fillet weld. 

_ As regards the attachment of branches to vessels, it 
is essential to provide an adequate weld on the inner 
surface and not rely on a weld applied as a “sealing 
tun.” Apart from the fact that “sealing” runs are 
somewhat susceptible to cracking, the deposition in 
the downhand direction of sound weld metal into a 


suitable welding groove presents little difficulty, 
whilst, on the outer surface, a fillet weld of good con- 
tour is adequate to carry the stresses imposed under 
erection and operating conditions. As regards the 
dimension of welds, it is desirable to provide welds 
in proportion to the thickness of the tube wall be- 
cause their function is mainly: 


(a) To prevent the branch being forced out of the vessel under 
test and operating conditions and during erection; and 


(b) To provide adequate cross-sectional area so that the elastic 
extension (breathing) of the vessel is communicated to 
the metal of the branch wall without failure of the welds. 

A suitable form of welded attachment of a branch 

to a vessel is given in Figure 10. The broken line indi- 
cates the additional thickness required to provide an’ 
adequate operating life under corrosive and erosive 
conditions. 





























FIGURE 10 
Attachment of Branch to Vessel 


Note accessibility of welding grooves. The position of additional 
material provided to ensure an adequate operating life is indicated. 















ie Bpmaccisso 
FIGURE 11 


Double “V” Preparation 
Not recommended. 


There are, of course, instances where the type of 
welding groove shown in the illustration may not be 
the most suitable, and it is evidently impossible to 
cover all cases in this paper. The designer should bear 
in mind the great importance of providing good con- 
ditions for the welding operator to facilitate the 
deposition of sound weld metal. This involves careful 
design of the welding grooves as regards accessi- 
bility, with adequate space in which to manipulate the 
welding rod. The weld metal should, as far as pos- 
sible, be deposited in the downhand direction. 


It will be appreciated that, as there is no possibility 
of carrying out the same thorough examinations as 
are applied to the main seams, reliance must be placed 
on the ability of the individual operator to provide 
good quality welds attaching branches, etc., and that 
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FIGURE 12 


Result of Employing the Double “V” Type of Preparation shown in 
Figure 11 
Note cavities at bottom of grooves. 


even the best operator cannot be expected to make 
sound welds if the welding grooves are inaccessible 
and without adequate space to manipulate the weld- 
ing rod. 

For example, the employment of the type of weld- 
ing groove preparation shown in Figure 11 will 
almost invariably result in unsoundness at the bottom 
of the groove owning to the difficulty of obtaining 
full penetration. This will be noted from Figure 12 
which shows a section taken from a weld of this 
type. As will be noted from Figure 13, which is in- 
cluded for comparison with Figure 12, the employ- 
ment of a welding groove designed to give adequate 
accessibility for welding ensures sound welds of the 
desired dimensions. 

Attachment of Welded-on Jacket. Certain pressure 
vessels are jacketed to permit of controlled heating 
and cooling. The attachment of a jacket to a vessel by 
welding demands a circumferential weld of good 
quality between the jacket and the body of the vessel, 


FIGURE 13 


Satisfactory Weld which Results from Employment of a Good Form 
of Preparation 
(See Figure 9.) 


a feature which is ensured in the case of ihe vessel] 
illustrated diagrammatically in Figure 14 by a form 
of welded attachment incorporating two main 
features: 


(i) The provision of a welding groove of such a type that 
welding is facilitated, and a sound weld is ensured despite 
the difficulty of applying a radiographical examination; 
and 

(ii) The design is such that stresses imposed on the circum- 
ferential welded joint are those due only to internal pres- 
sure in the jacket, and not the additional stresses caused 
by the “breathing” of the jacket. This is effected by the 
restraining ring E 


FIGURE 14 


Autoclave with Welded-on 
Jacket and Clamping Ring 
Type of Main Joint 

A Main joint ring. 

B Body of vessel. 

C Clamping ring. 

D Blocking ring. 

E Restraining ring. 

F Jacket. 

Special precautions are 

taken to ensure that the 
- jacket-to-blocking _ ring 

circumferential seam is 

welded under conditions 

which ensure a weld of 

high quality. 












































Figure 15 shows a section of a typical weld of the 
type employed to attach the jacket to the vessel 
referred to above, and illustrates the importance ot 


providing a suitable welding groove and adequate 


accessibility. 


FIGURE 15 
Section of Typical Jacket-to-blocking Ring Circumferential Seam, % 
Made under Carefully Controlled Conditions 
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Unit Coefficients for 


Orifice 


Meters 


*T. K. M. SMITH, Pacific Lighting Corporation 


i sre purpose here is to present something dif- 
ferent in the way of orifice-meter coefficients. It per- 
tains to a system of specially sized orifice plates, so 
machined as to give their respective coefficients in 
round numbers, or for reference purposes, “unit coef- 
ficients.” By this term, for example: plates for 12- 
inch meters would have hourly coeffcients of 1000, 
2000, 3000, 4000, and so on up to the maximum ratio 
of orifice to pipe diameter, rather than to be based on 
diametrical values in inches and fractions thereof ; 
such as we now have. 

Unit coefficients for smaller meter runs, of course, 
should be arranged in smaller increments, say 100, 
200, 300, and so on. 

One suggestion given, is to limit the number 
plates for each particular size meter to 10, and that 
their unit coefficients be in progressive steps of 10 
percent of the maximum allowable. To further iilus- 
trate this, present flange connection coefficients 
for 12-inch meters, with “Beta” values from .16 to 
68, range from 706.7 to 15629 respectively. Why 
not have a series of unit coefficients as follows: 
1500, 3000, 4500, 6000, 7500, 9000, 10,500, 12,000, 
13,500 and 15,000. 

From a practical standpoint the present arrange- 
ment or sequence of plate sizes has its disadvantages. 
For example, suppose the orifice plate size in use 
at some location is shown by a tag or other means 
as being 12x6.75 inches. Such a marking has no im- 
mediate signinficant value whwereby the rate of 
flw can be established, unless of course its cor- 
responding coefficient of 9779 is available. Such 
does not always happen to be the case, especially 
out in the field or at some remote spot. On the other 
hand, if the orifice in use is identified by a unit co- 
efficient, say of 6000, then by making the customary 
corrections for the “M”, Fg and Ff factors, even if 
the specific gravity and temperature have to be as- 
sumed temporarily, a close determination of the rate 
of flowing gas can be made. 

Since the demand upon plant operators and field 
men calls for computing a coefficient at the location 
of the meter, the use of a unit coefficient would 
quite likely save the time usually required when 
calculations have to be made in long hand, and 
would tend to avoid mathematical errors. 

Another advantage in using the unit coefficient 
would result, say, when an anticipated change in 
the rate of flow is to take place, sufficiently so that 
it would be necessary to change the orifice size. The 





selection of the proper size orifice would become a 
simple matter, since a table could be consulted 
showing the percentages of increase and decrease 
for the unit coefficient in use, as against the one 
which should be installed. 

Example: Suppose we have a 12-inch meter, flange 
connected, with a unit coefficient of 6000, and meas- 
uring 400Mcf. of gas per hour with a very low dif- 
ferential, say two units on a square-root chart. It is 
desired to get a more satisfactory or readable dif- 
ferential record, let us say six units. Then by simple 
inverse proportion we would select a plate having a 
unit coefficient of 2000, i.e.: 6 units is to 2 units as a 
6000 unit coefficient is to the new unit coefficient. 
Conversely, should the dffierential pen be out on the 
chart to 9 units, with the 6000 unit coefficient in use, 
then by substituting a plate having a unit coef- 
ficient of twice the numerical value, or 12,000, we 
would bring the differential to half its former read- 
ing, or 4% units. This, of course, would be provided 
the static pressure in each case remains the same. 

Since the diameter of the unit coefficients would 
be machined to the thousandth of an inch, or to the 
third decimal place, I am wondering if greater ac- 
curacy would not result in the actual making of the 
orifice so far as the diameter is concerned. I have 
computed a series of 10 unit coefficients for a 12- 
inch flange-connected meter, and they are as follows: 
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Unit Coefficient Size Orifice 
Inches 
1500 2.726 
3000 3.841 
4500 4.683 
6000 5.379 
7500 5.975 
9000 6.500 
10500 6.968 
12000 7.386 
13500 7.767 
15000 8.113 








A 5¥-inch orifice can be machined just as precisely 
as one measuring 5.379 inches, but is it not reason- 
able to presume that more emphasis will be given 
that third decimal place than five point five and two 
zeros? This may be a question for the machinists to 
answer. 

Our assortment of plates could be kept more com- 
plete, since it could be noted pretty much at a glance 
just what unit coefficients are missing from the 
series, then again, some arrangement could be car- 


{477} 151 











ried out, similar to a filing system, for stocking the 
extra or spare orifice plates. 

Plates should be stamped to show the unit co- 
efficient, and if so desired, the calculated diameter 
of the orifice for reference only. 

Present standard hourly coefficient tables include 
many sizes of orifice plates, and measurement pro- 
cedure can be carried out just as efficiently and 
accurately with fewer plates, certainly some of us 
can put into use the odd-size plates we may have by 
adopting the unit coefficient system. 


Disadvantages 


The unit coefficient plate will not be interchange- 
able between “flange” and “pipe” tap-connected 
meters, but if the plates are so stamped as to indi- 
cate the particuular type connections there should 


of orifice plates and meter 
tubes is important because they form the meter, 
although it is important to get an accurate recording 
of the differential pressure, the conditions relative to 
obtaining an accurate differential should receive con- 
siderable attention. 

A great deal of care is used in the construction of 
an orifice plate. The orifice is required to be accurate 
to within .001 of an inch; the upstream face of the 
pldte must not depart from flatness more than .01 
of an inch per inch of pipe radius when in opera- 
tion, and the upstream edge of orifice shall be cut 
square and sharp so that it, will not appreciably 
reflect a beam of light when viewed without magnifi- 
cation. It would be inconsistent to demand such 
accuracy then to deliberately abuse this type of 
equipment, therefore we should provide an adequate 
storage space. A trough in which the plates can be 
placed on edge, makes a convenient rack. For mild 
steel plates a thin coating of oil is recommended 
when they are not in use; stainless steel plates can 
be stored without treatment other than cleaning. 
Care should be exercised in handling to avoid mar- 
ring the edges of the orifice, or distorting the plate 
in any way. When transporting them they should be 
protected by a build-in compartment in the tool-box 
or by individual wrapping; in all cases they should 
be kept dry. 

When a plate is installed care should be taken 
to get it centered in the line with no overlapping 
of the gaskets, so that it will present a smooth sur- 
face up to the face of the plate. This will help prevent 
turbulence. When an orifice fitting is used this is 
simplified as they are constructed so the plate will 
be centered when properly installed. All orifice plates 
should be checked for size before installing to make 
sure they have not been worn in some previous 


service. 
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Maintenance of Orifice Meter 
Plates and Tubes 


WALTER BOSTROM, General Petroleum Corporation 





be little cause for confusion. The meter records 
should show the kind of connections. 

Having unit coefficients for the two different types 
of connections might in some cases mean a larger 
stock of plates, but most companies pretty much 
standardize in their meter installations. 

It might be that by utilizing some extra or odd 
size pl: es the act of. changing over would not be- 
come too big an economic problem. 

C.N.G.A. Bulletins TS-353 and TS-402 would 
hardly fit into the scheme of things, that is in part, 
since the “Beta” values would be differently ar- 
ranged, and consequently would affect some of the 
tables. 

What I have had to offer is just a thought, though 
I believe it has sufficient merit to justify investiga- 
tion into its possibilities and application. 





















For maintenance of meter tubes provision should 
be made for elimination of undesirable conditions 
such as condensate and other liquids in gas meters, 
and air or gas in liquid meters. This can be done by 
installing bleeder valves on each side of the orifice 
plate if the condition is of a more serious nature, drip 
pots should be installed at some low point in the 
line ahead of the meter run; for the elimination of 
air or gas from a liquid meter an air eliminator can 
be installed at some high point in the line ahead of 
the meter. The meter connections for liquid meters 
should be on the side of the meter run to prevent 
air or gas from getting into the gauge lines. For 
steam meters a U tube can be constructed around 
the orifice plate to allow condensate to pass from the 
upstream to the downstream of the orifice plate. 
This tube must be greater in length than the maxi- 
mum differential across the orifice to prevent break- 
ing the seal. 

The gauge line connections should be checked 
reguluarly to make sure they do not become par- 
tially plugged. 

Results of a few tests made in 1926 and 1927 show 
that an appreciable error is caused by dust or oil 
accumulating on the face of the orifice plate. These 
tests were made by placing two meters in a line, the 
first was considered 100 percent, the second was 
used to observe the effect of dirt and grease on the 
face of the plate. Flow was increased to the upper 
limit of the differential gauge, then decreased to the 
lower limit, and at intervals comparisons were made. 
First a test run was made with both plates clean, 
the average difference between the meters from 
12%4- to 32-inch differential was about 1% percent 
for pipe taps and about 2 percent for flange taps. In 
both cases the second meter was low, probably due 
to the interference caused by the first meter. Below 
12%-inch the comparison was not good, but was 





























—_— 





Petroleum Refiner—V ol. 24, No.! 









Novem 


its 

tior 
The 
For 


or 1 
10° 
men 


or r 
10° | 
recti 
IS us 
effec 
will 
ment 
Be 
is ne 
tor i 
being 
temp 
error 
smal] 
ligib] 
the n 
ture. 
urme 
perat; 
requi 
tion, 
measi 
Th 
perat 
to ins 
or thi 



















rds 


‘pes 
‘ger 
uch 


odd 


be- 


ruld 
art, 
ar- 


the 


ugh 


iga- 


ould 
ions 
ters, 
e by 
ifice 
drip 
the 
n of 
can 
d of 
ters 
vent 
For 
yund 
| the 
late 
1aXxi- 
eak- 


cked 
par- 


show 
r oil 
hese 
, the 
was 
. the 
pper 
> the 
rade. 
lean, 
from 
rcent 
Ss. In 
~ due 
elow 
was 


Vo. Il 


very good at the higher readings. These two points 
illustrate the error. The first meter was hooked up 
with pipe taps at all times, and a 4x1 set-up was 
used. First a 1/16-inch coating of grease on the face 
of the plate caused an error of 17 percent at 12%- 
inch and 18 percent at 32-inch on increasing flow 
and 11 percent at both readings on decreasing flow 
using flange taps. With the same conditions pipe 
taps had an error of 12 percent at 12%-inch and 8 
percent at 32-inch going up; coming down the 
error was 6 percent at both readings. With ™%-inch 
of Ruthland plaster which spilled over decreasing 
the size of the orifice to 15/16-inch the error was 
31 percent and 28 percent going up and 26 percent 
and 27 percent coming down, using pipe taps. For 


flange taps 30 percent and 27 percent going up and 
25 percent and 27 percent coming down. I should 
point out that the readings were low despite the fact 
that the actual size of the orifice had been de- 
creased. Another run was made after cleaning the 
orifice to normal size and rounding the edges of the 
plaster down to within %-inch of the orifice, this 
made an error on an average of 12 percent. 

A series of tests were made by blowing dust into 
the meter run ahead of the experimental meter ; with 
a small amount of dust on the plate an error of about 
5 percent was indicated; when a large’ amount of 
dirt was used the error was about 11 percent. This 
should prove that the effort and time spent in keep- 
ing meter tubes and orifie plates clean and in good 
condition will be well spent. 


Temperature Determinations 
In Orifice Meter Runs 


MARK McILVAINE, Coline Oil Company 


- a given volume of gas varies directly with 
its absolute temperature (Charles law), a correc- 
tion must be made to some standard temperature. 
The accepted standard is 60° F. or 520° Rankine. 
For orifice meter measurement the fastor is 
460 + 60 
460 + T 





or roughly a 1 percent change in volume for each 
10° change in temperature. For positive-displace- 
ment type measurement the factor is 


460 + 60 

460+ T 
or roughly a 2 percent change in volume for each 
10° change in temperature. Although this latter cor- 
rection would seem more important, actually there 
is usually a smaller amount of gas involved and the 
effect of temperature is less important. This paper 





will consider temperature for orifice meter measure- 


ment primarily. 

Because gas volumes do vary with temperature, it 
is necessary to include a temperature-correction fac- 
tor in the meter coefficient and the quantity of gas 
being measured should govern how accurately the 
temperature is determined. Obviously a 1 percent 
error in large quantities will be too great while for 
smaller quantities the same percent might be neg- 
ligible. Therefore, the accuracy desired will govern 
the method of obtaining an average flowing tempera- 
ture. Temperature also affects high-pressure meas- 
urment in that the deviation factors vary with tem- 
perature and also water-vapor-content corrections 
require an accurate dry-bulb-temperature determina- 
tion. This latter is especially true for high-vacuum 
measurement. 

The ideal method for obtaining the correct tem- 
perature of material flowing through a pipe line is 
to insert the bulb of an indicating glass thermometer 
or the metal bulb of a recording type thermometer 
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directly into the flow stream through a packed gland 
in the wall of the pipe. However it is more practical 
in most cases to use a well or jacket to protect the 
bulb against pressure, corrosion, heat, etc., and also 
to facilitate movement of the thermometer from one 
location to another. Thermometer wells are con- 
structed of many different materials and in various 
designs, depending on the service required. But for 
ordinary temperature determinations a plain carbon- 
steel, well bored to 7/16-inch, either with or without 
fins, is recommended. A cap or plug should be in- 
cluded to keep out dirt or foreign material when not 
in use. The fin-type well is most suitable for gas or 
super-heated-vapor temperature determination. A- 
conducting medium should be used inside the well to 
facilitate the flow of heat to or from the bulb, such as 
oil, mercury, solder, tin, etc., mercury being the most 
desirable conductor at ordinary temperatures (up to 
500°). The well should extend into the line far 
enough to be in the actual flowing stream. In small 
lines the well can be inserted at an angle to insure 
proper immersion of the thermometer and also in 
verticle lines an inclined well will hold the conduct- 
ing fluid. The well should be located as close as 
possible to the orifice plate but in no case nearer than 
the “B” distance downstream (see A.G.A. code) or 
one pipe diameter upstream of the straightening 
vane. 

The choice of an indicating or recording ther- 
mometer depends on the accuracy of measurement 
desired. If an indicating type is to be used it should 
be a good grade of laboratory thermometer calib- 
rated for the proper immersion, and be allowed to 
remain in the well until a constant temperature is 
reached (about 10 minutes) and the temperature 
reported to the nearest degree. Recording ther- 
mometers are used where large quantities of gas are 
being measured or when a high degree of accuracy 
is desired. There are several types of recording ther- 
mometers having different bulb materials and sizes 
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and different thermal liquids, but for ordinary gas 
temperatures the vapor-pressure type will give the 
fastest response to the temperature change. If a re- 
cording thermometer is used it is advisable to have 
two wells in the line in order to check the recorder 
with an indicating thermometer at regular intervals. 
When the use of a recording thermometer is not 
warranted there are several accepted methods in use 
to obtain an average temperature. One such is the 
group method wherein a recorder is used on one 
meter run and the average temperature determined 
is applied to several adjacent or similar runs known 
to have approximately the same temperature. 
Another is the so-called 9 a.m. method wherein 
all temperatures are determined at 9 a.m., assuming 
that the temperature at 9 a.m. is the average 24-hour 
temperature. Still another is the ground temperature 
method, wherein average ground temperatures at 
pipe-line depth are accurately determined and used 


‘Tus orifice fitting at the present is widely used 
in California and Texas. It is becoming generally 
used elsewhere in the United States and in the other 
countries where the orifice meter is a medium for 
the measurement of gases and liquids. 

There are field meter men who have had little or 
no experience with changing the paddle-type orifice 
plate that was secured between the conventional 
orifice flanges. However, most cf us can recall the 
. difficulties encountered in this particular task and 
were much pleased with the advent of the orifice 
fitting. 

The reasons which prompted the invention of the 
orifice fitting were: 


1. The desire to change the orifice plate quickly and 
safely without interrupting the flow of gas and with- 
out need of a bypass. 

2. The desire to eliminate the hard labor connected 
with changing plates when secured between orifice 
flanges. This did away with troublesome gaskets, 
ill-fitting flanges, warped set-up, cracked flanges, 
rusted bolts, etc. 


In addition to the above there are other points 
which participated in the development of the fitting 
to the present types which are much improved over 
the first models. These points are: 


Speed-up in plate-changing operation. 

Positive centering of orifice plates. 

Use of light wafer-size plates. 

The flange connections in the fittings which en- 
courages use of flange-connection meters, thus saving 
taps on meter tubes and permitting a reduction in 
overall length of the meter set-up. 

e. Elimination of possible bypassing of the orifice plate 
through the fitting. 


oor 


One of the outstanding benefits that the users of 
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The Orifice-Meter Fitting 


GURNEY B. REECE, Southern Counties Gas Company 









for pipe-line temperatures in an entire area. A table 
of temperatures so taken in Los Angeles in 1932- 33 
are as follows: 


Month °F Month °F 
January 62 July 72 
February 61 August 75 
March 61 September 74 
April 66 October 72 
May 67 November 70 
June 70 December 64 


There are doubtless many other ways to determine 
the average temperature in meter runs but these are 
a few of the common methods in use. 

In conclusion it should be remembered that tem- 
perature variations may or may not have a great 


effect on the material being measured so an excellent - 


rule to adopt is: Aim for accuracy known through 
careful calculation to be required and no more. 





orifice fittings are realizing is the fact that the ease 
in operation of the fitting encourages frequent in- 
spection of orifice plates, which assures clean plates 
and gives an index of the internal condition of the 
line which in turn affects any meters or equipment 
that may be downstream. 

Most of the orifice fittings used are produced by 
three manufacturers. 

Fittings under discussion are the latest types de- 
veloped by these manufacturers. 

In addition to the orifice fitting each company 
produces a dead line, junior or semi fittings. The 
different names are those used by the respective 
companies to designate them. This type of fitting is 
practically the lower compartment of the regular 
orifice fitting. It requires a bypass as the plate can- 
not be changed under pressure. Some companies 
make a practice of using bypasses in all set-ups to 
permit inspection of meter tubes without interrup- 
tion to flow in the line. In this case, the “half” fitting 
can be economically used as it is less costly and has 


most of the advantages of the larger fitting exceP&\ 


that a bypass is required, and when changing a plate 
the bypass valve has to be opened, two line valves 
closed, pressure on meter tubes has to be released. 
(Fitting opened and plate changed and fitting 
closed.) Two-line valves are opened, and the bypass 
valve closed. 

Another feature is offered by some of the fitting 
manufacturers—that of providing dowels to assure 
perfect alignment of the meter tubes with the fitting. 
In this event, the tubes are sold with the fitting. 
This alignment of tubes with fitting is essential for 
accurate measurement and must be taken care of 
in the installation. 
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Dangerous welding prac- 
tice. Arc-welding operator 
should be particularly 
coreful when working 
above the floor or ground, 
gs many fatalities are 
coused by men falling. 


IN ARG WELDING 


T 

HERE is one peculiarity which distinguishes the arc- 
welding operator’s job from other occupations. Arc welding 
is the only widely practiced industrial occupation in which 
the operator handles a live electric circuit all day. Yet, in 
spite of all the implications of that fact, the danger of electric 
shock to the operator is not as great as is often supposed. 
It is proposed here to discuss safety factors in arc welding 
irom the electrical point of view. 

There are, of course, other view points. For example, the 
arc-welding operation involves some fire hazards, as well as 
the ordinary mechanical hazards to the workman which are 
common to almost any industrial occupation. But these are 
hot peculiar to arc welding. 

he presence of fumes and smoke is likewise not peculiar 
to%he arc-welding process, and ordinary means of dilution 


mand removal are employed. The medical aspects of this matter 


are the subject of careful investigations in a quantitative 
way, but they all point to adequate ventilation as the prac- 
ical hazard-preventative measure. 

Radiation of ultraviolet and infrared wave lengths from 
the arc sometimes are regarded as serious hazards. They are 
hot, in the sense that their effects can easily be prevented 
y commonly used protective helmets and clothing. Mystery 
fays are not present, although it is surprising how many 
times the rumor crops up that this or that arc-welding equip- 
ment gives off radiations which result in sterility or peculiar 
ailments such as might be attributed to X-rays. Our plant in 
chenectady has effectively disposed of such rumors by 
having welding operators carry in their clothing pieces of 
Photographic film for weeks at a time. None showed the 
slightest evidence of radiation. 
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Thus, the hazard of electric shock is the one of greatest 
interest from the arc-welding point of view. It seems worth 
while to discuss it in considerable detail, because it is not 
as common a source of injury or death as might be supposed 
from casual acquaintance with the subject, and because there 
are definite ways in which even the small hazard can be al- 
most completely overcome. 

We have tried to keep records, and make a study of fatal- 
ities to welding operators from electric shock. It is a dif- 
ficult task, because insurance statistics are not broken down 
quite far enough to reveal the needed data, also, rumors and 
newspaper publicity are notably inaccurate when dealing with 
deaths in the arc-welding field. 

For example, here are two versions, from different papers 
in the same city, of the one accident. “Stumbled and fell in 
such a manner that the electrode on his welding instrument 
was jammed in his mouth. The charged connection sent 550 
volts through his body, killing him instantly.” And, “Fell 
dead after 440 volts passed through his body. His heavy 
clothing, which all workers in the shop are required to wear 
for safety, was soaked with perspiration and, as he accident- 
ally touched a highly charged arc rod used by another worker, 
a short circuit was caused and the power passed through his 
body.” As a matter of fact, careful measurements immediately 
following the accident showed a maximum of 76 volts avail- 
able to shock the victim. 

But we do have some concrete information, and it shows a 
perhaps surprisingly small number of fatalities from this 
source. One insurance company’ reported that among one 
group of policy holders, electric shock was the least fre- 
quent cause of occupational death classified—fewer deaths 
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being attributed to shock than to falls, machinery, railroads, 
or even drowning. This in spite of the fact that the group 
must have included electricians and workers in electrical 
manufacturing plants, and in spite of the often evidenced 
tendency to attribute death to electrocution in any doubtful 
case where a live electrical conductor is present at the scene. 

In a survey which we made among four manufacturers 
using arc welding, selected at random and not including Gen- 
eral Electric Company, these figures were obtained for the 
year 1941: There were a total of 14,475 industrial workers 
employed by the four manufacturers, with a total of 13 fatal- 
ities, or 1 death per 1110 workers. Included in these totals 
were 1125 arc welders, among whom there was one fatality. 

Our own plants have for many years employed arc weld- 
ers, with as many as 1500 welding operators employed at 
one time before the peak in this employment. Yet in the last 
seven years there has been but one fatal accident to a welding 
operator. This one was in 1938, and there is considerable 
doubt as to whether death was caused by electrocution or 
by a fall. 

The district supervising engineer of one large insurance 
company’ stated in 1942 that, as measured by compensation 
rates, arc welding is only 75 percent as hazardous as gas 
welding. Yet gas welding is not generally considered a very 
hazardous occupation. 

In 1942, still another insurance company* reported about 
one electrocution case per month for the preceding two 
years, only two of which involved arc welding. These two 
cases were the only ones they had had for many years. 

While no figures on the total employment of arc-welding 
operators are available, a conservative estimate based on in- 
dustry sales of arc-welding equipment and on the consump- 
tion of electrodes gives a figure well over 200,000 for the year 
1943. So far, we have heard of only four electrocutions among 
arc-welding operators during the year 1943. 

The shock hazards which do exist might be classified as 
to their relationship to equipment and its layout, mainte- 
nance, supervision, and operator education. 

An idea of the magnitude of some arc-welding operations, 
and of the care which must go into the selection and arrange- 
ment of the equipment, is shown in Figure 1. This particular 
plant has about 250 a-c arc welders, which are shown on the 
balconies, left. 

A typical application of arc welders is the fabrication of 
large girders as shown in Figure 2. 

Figure 3 shows atomic hydrogen arc-welding equipment in 
operation, and brings up the perpetual question as to the rela- 
tive hazard in a-c and d-c welding. Here there is at times a 
potential of 300 volts between the two slender electrodes 
projecting up and to the left from the arc. It is alternating- 
current. No case of severe shock, and no fatalities resulting 
from the use of this equipment, have ever come to our at- 
tention. 


The point is made to demonstrate the fallacy of arguments, 
based on clinical or laboratory experience, as to the differ. 
ence between a-c and d-c with respect to shock hazards. Ip 
this equipment an adequately insulated electrode holder js 
used, and factory-designed and -built protective equipment 
disconnects the power when the arc is not actually in use. 

Exhaustive studies on let-go currents, made at the Uni 
versity of California, definitely prove that under laboratory 
conditions, a victim is less likely to freeze onto an electrode 
with d-c than with a-c, at a given current in millamperes, 
But to draw the conclusion that d-c welding is invariably 
safer than a-c welding is to ingnore the factors of voltage, 
insulation, protective equipment, skin resistance, and physical 
condition of the subject. 

The extremes to which interpretations of these tests may 
go is indicated by the recent development of a theory, by a 
welding supervisor, that while 24 volts is safe, 28 volts is 
dangerous. Or by the performance of another welding su- 
pervisor, who knelt in water on a steel deck and grasped an 
electrode with soaking wet gloves, to demonstrate that one 
can feel 35 volts, but not 10 or 12. If such a demonstration 
ever convinces a welding operator that it is safe to place the 
body intentionally across any electrical circuit, it may well 
be a contributing factor to his untimely death. 

What are the welding equipments we are mainly con- 
cerned with? First, a single-operator d-c welder, shown in 
Figure 4. 

Figure 5 is a cut-away view of similar equipment showing 
the motor at the left, with d-c generator at the right of the 
assembly. The motor usually operates on 220, 440, or occa- 
sionally 550 volts, three-phase, a-c. The generator delivers 
from 50 to 100 volts, d-c. Insulation around the windings of 
the motor, and additional insulation on the generator, ef- 
fectively separates the power-circuit voltage and the welding 
circuit. 

Shown in Figure 6 is a common type of a-c welder which 
transforms energy from the power system into lower voltage 
and higher current, with control of the current output to suit 
it to the welding process. This equipment also insulates the 
power circuit from the welding circuit. The input, or power 
circuit winding, is electrically separate from the 75-volt weld- 
ing circuit winding. 

Another form of a-c welder, designed particularly for out- 
door service is shown in Figure 7. This welder includes a 
welding transformer like the indoor type, together with a 
built-in control panel which automatically reduces the volt- 
age on the welding circuit to about 30 volts within one fi- 
teenth of a second after the welding arc is extinguished, as 
when the electrode must be changed. Touching the electrode 
to the work automatically puts full power on the welding 
circuit again. 

With respect to the installation of arc-welding equipment, 
the major safety point is the necessity of grounding the 


FIGURE 1 
Hundreds of 500-amp a-c arc welders (on balconies, right and left) in operation in a tank manufacturing plant during the height of the war effort. 
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FIGURE 2 
120-foot bridge girders for 15-ton mill-type crane being fabricated with aid of alternating current arc welders. These are the longest “all-welded” 
crane girders ever built. Each weighs 36 tons. 


frame of the welding set, regardless of whether it is an a-c 
or d-c unit, or whether it is stationary or portable. Common 
sense, as well as the National Electrical Code, demand that 
this should be done. An ungrounded unit, even one in per- 
fect condition, can give annoying shocks and tickles to a 
grounded individual, because of the inherent ability of an 
electrical circuit to induce a static charge on another con- 
ductor separated from it by insulation. The effect is the 
same as that in a condenser, or Leyden jar. 

In the event of failure of the insulation, due to age, abuse, 
or accident, the frame of a unit may become charged to full 
power circuit voltage, with serious consequences, unless the 
frame is grounded. If the proper ground connection is in 
place, however, the frame cannot have a voltage to ground, 
and the only effect of such a failure will be the blowing of 
fuses or tripping of circuit breakers and disconnection of the 
unit from the line 

This immediately suggests the necessity of installing ade- 
quate overcurrent protection and switches in the power cir- 
cuit to the welder. Fuses or circuit breakers must be capable 
of interrupting the maximum current which may be drawn 
by a short circuit in the motor or power leads of a d-c 
welder, or in the primary circuit of an a-c welder. Discon- 
necting switches must be capable of interrupting the stalled 
rotor current of the d-c machine, or the maximum current 
which can be drawn by the a-c unit when the welding elec- 
trode is short-circuited on the work. 

On the welding-circuit side of a unit, care should be taken 
to avoid the possibility of getting double the normal circuit 
voltage between two adjacent welding circuits, because of 
the connection of one unit with one polarity, and the other 
with opposite polarity. On a-c units, abnormal voltage of 
somewhat lower value can also be obtained if adjacent weld- 
&s are operated from different phases of the supply line. 
This factor has rarely, if ever, caused serious trouble because 
ot the small likelihood that an operator will get hold of two 
Welding circuits at once. 

Probably the most important item in equipment, from the 
Safety point of view, is the electrode holder. Although un- 
Msulated holders have been used in are welding for many 
years, good practice unquestionably requires that fully in- 
Sulated holders should be used. 

igure 8 not only shows an uninsulated electrode holder, 
but incidentally, an ideal set-up for potential trouble. The 
operator is in a cramped space, and also undoubtedly in con- 
fact with the conducting metal in a number of places on his 
body, unless his clothing is dry and his shoes free from nails. 


In his hand he holds an electrode holder which has a handle 
of insulating material, but through which extends an uninsu- 
lated screw-head. Probably any contact he might make with 
the screw, through wet gloves or with the bare hand, would 
be too small in area to permit electrocution. But a shock 
may make him do_ something involuntarily, which will put 
him in danger. The worst feature of this holder is that the 
head, projecting out beyond the ring or collar of insulating 
material just above the hand, is entirely uninsulated. Each 
time the operator changes welding electrodes, there is a 


FIGURE 3 
Atomic-hydrogen arc welding on aluminum. 
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good chance that he will contact this exposed metal. If he the same reason, the maintenance of insulation on electrode 
should fall on the holder, or sling the cable over his shoulder holders should not be left to operators alone. Electrical re. 
or around his neck, as is frequently done, this live conductor pairs and connections on the power-line side of the welder 
may contact his chest or back. should be handled only by competent men. 

There are now several types of good insulated electrode 
holders on the market. They should be used on any welding 
job, and their insulation should be kept in first-class con- 
dition. Studies of accident reports reveal, in a good percent- 
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FIGURE 5 












. wWOURE 4 Single-operator d-c portable motor- FIGURE 7 
Single-operator portable motor- generator arc welder in cutaway FIGURE 6 Outdoor arc-welding 
generator d-c arc welder. section. Arc-welding transformer. transformer. 












age of cases, evidence that uninsulated electrode holders In the last analysis, it is obvious that the welding operator 
caused or contributed to death. and his safety education plays the gréatest part in preventing 

Maintenance and supervision play an important part in accidents to himself. It is undoubtedly significant that at least 
the safety side of welding, as is the case in almost any other one—there are probably others—of the large electrical manu- 
process. Fire hazards should obviously be watched for and, facturing concerns has an unusually good accident record in 
when found, eliminated. Welding cables and their connectors regard to shocks to welders. Regardless of special instruc- 
should be examined frequently tor breaks in insulation. The _ tions, the whole philosophy of such a group of workers leads 
extremely hard service to which welding cables are subjected to a healthy respect for all electrical circuits and proper care 





iis 














often results in severe damage to the insulation. Yet the in handling them. 

welding operator, accustomed to arcs and sparks in his daily The paramount warning should be to take particular care 
work, often disregards accidental short circuits which spell in hot and humid weather, and when welding in wet places. 
trouble to the safety man or the fire inspector. Likewise, Almost without exception, fatal accidents to welders occur 






welding return circuit connections should be given attention, in hot weather. The operator’s own condition and that of his 
by supervision. Arcs or flashes in unexpected places along clothing should be his guide. He should always guard against 
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the return path of the welding current may result in fire wet gloves, shoes, and clothing, particularly clothing made 
hazards if reinforcing rods, scrap lengths of pipe or bar laid of thin cotton fabrics. : ; 
together, or building piping are indiscriminately used. The operator should assume the major responsibility for 
The maintenance of adequate safety ground connections to seeing that the insulation of the electrode holder is in good 
the frames of all welding machines should be checked, be- condition. 
cause many operators do not realize their importance. For He should learn to carry an electrode holder by the handle, 






never slung over his shoulder, or squeezed under his arm. 

He should never, under any circumstances, transport an 
electrode holder with an electrode or electrode stub in it. 

He should never throw or lay an electrode holder down so 
that it makes contact with any conducting material. 

He should never work alone in confined or concealed 
spaces where, for example, striking his head may cause tem- 
porary loss of his faculties. 

He should be particularly careful when working above the 
ground or floor, since it is significant that many fatalities 
involve a fall. 

Case studies, incomplete as they usually are, give a basis 
for these recommendations. For example, in all but one of 
nine reports of accidents, dating from 1934 to 1943, the state- 
ment was made that the weather was very hot, or that the 
victim’s clothing was soaking wet. In five of these nine cases, 
a fall was involved, ranging from a height of 11 feet to the 
case of a standing man who fell to a steel floor. In every one 
of them, the electrode holder was uninsulated, and in none 
was there evidence of contact with any live part other than 
the electrode holder. Four of the cases involved arc welding 
operators working in confined spaces. 

This discussion can be summarized as follows: 

1. Arc welding is not a hazardous occupation, as judged 
by industrial standards. 

2. Electric shock is a relatively infrequent cause of death. 

Where electrocution of the welding operator has occurred, 
one or more of three factors was usually involved: 

1. An uninsulated electrode holder. 

2. Wet gloves and clothing. 

3. A fall. 
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Tank for large oil circuit breaker being welded. vention Department). 
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in metals... 
evere has them NOW 


Revere knows well how preci f Of these post-war 
; ow crippling to industry and employment could be 


a shortage of essential metals. That is why, since V-J Day, Revere has 
been in full production for peace. 
~~ Fortunately, Revere metals can serve the needs of creating as well 
ing, can make as fine bathroom fixtures as bomb 
fuses, as excellent radia automobiles as for half-tracks. No 
difficult reconversion problems have st uring of Revere 
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greater kno ledge and experience. New methods, metals and ma- 
chines may save, Precious time or cut all-importanit.cost for users 
of our metals. 
In all these ways 






vere is ready now to serve the manufacturing 
d building industries tg help you prove immediately that America 
is ven greater in peace thathshe proved to be in war. In the same way 
Revére is ready to serve home Owners with its building products which 
are stacked by Revere Distributdss in all parts of the country. 

“sy, 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere i801 
Executive\Offices: 230 Park Avenue, New York 17, N. Y. 








ord, Sunday evening, 9 to 9:30 P. M The Revere Office nearest you is at your service. 


Eastern Time 


ing Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich; 
ew Bedford, Mass.; Rome, N. Y. ‘ 

ped Sales Offices\in er cities, Distributors everywhere 
ed, I Revere District Sales Offices are located in the following cities: I 
I Atlanta, Ga. Boston, Mass. Buffalo, N. Y. | 
I Cincinnati, O. Cleveland, oO. Dallas, Texas I 
] Dayton, O. Grand Rapids, Mich, Hartford, Conn. | 
I oes a> laseneper: ae. ies Angeles, Calif. | 
: - ilwaukee, Wis. inneapolis, Minn, ew Yo 
Listen to the Human Adventure Philadelphia, Pa. Pittsburgh, Pa. Providence, R, I. ! 
on the Mutual Network wor | St. Louis, Mo. San Francisco, Calif. Seattle, Wash. 
! l 
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Above: A section of the processing equipment, 


Petro-Chemical Plant Making Materials csi 
tor Synthetic Fabric Manufacture 


Not all of this storage is shown in the picture. 
ars Corporation of America 


put its petro-chemical processing plant 
in operation in October. This unit, all of 
which is not complete at Chemceel, 
Nueces County, Texas, an area which is 
rich in raw materials because of .near- 
by cycling-plant installations. The loca- 
tion is 35 miles southwest of Corpus 
Christi and near Bishop. The famous 
King ranch forms the south boundary 
of the plant site. 

The plant was designed primarily for 
providing chemicals required in synthe- 
tic fabrics manufacture. It will, how- 
ever, finish other popular chemicals for 
use in the plastic, chemical rubber and 
other fields. 

Butane and propane in combination 
or singly are the raw charge. Supplies 
come from the cycling plant of LaGloria 
Corporation, near Falfurias, by pipe-line 
delivery. The LaGloria plant has added 
more fractionating equipment, partly for 
providing raw material to the Chemcel 
plant. 

Basic chemicals produced from this 
raw charge are acetone, acetadehyde, 
formaldehyde and methanol. 

From the acetaldehyde cut will come 
acetic acid, one of the foremost chemi- 
cals required in fabric processing. In re- 
fining this basic chemical other finished 
products will be acetic anhydride, while 
butadiene is available, and a tnit was 
provided for finishing this ingredient for 
chemical rubber. It is now uncertain 
that this unit will be operated for this 
purpose. 

Acetone refinement will provide sol- 
vents and many other chemicals. For- 
maldehyde, a foremost chemical in plas- 
tics manufacture may be processed to 
give resins. The methanol: fraction can 
yield formaldehyde, methyl esters and 
other chemicals. 

The necessity for processing acids re- 
quired extensive use of stainless steel 
in tower and vessel fabrication. 





Left: Butadiene unit. Specified 
while the need for chemical rub- ! 
ber was imperative, it may not 
be used for the original purpose 


Cm Crt 


Below: Contractors fabricated 
from stainless steel. 
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PENBERTHY 


“REFLEX’’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Liquid always shows 
black—empty space 
shows white. erred 
where the liquid level 
must’ be easily and posi- 
tively visible, and when 
liquids are under high 
pressure or at high tem- 
perature. Made of alloy 
temperature resisting 
steel and are highest 
uality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect align- 
ment and rigidity. Con- 
form with A.P.I.— 
A.S.M.E. requirements. 


The “Refiex”’ is one of 
the complete line of Pen- 
berthy Gages that meet 
every liquid level gage 
requirement. 


Pima 


PENBERTHY 


DROP FORGED STEEL 


LIQUID LEVEL GAGES 


Recommended 
for 1000 Ib 
Hydrostatic 

Pressure 


Made of Chromium-Molybdenuin 
alloy temperature resisting steel, extra 
heavy throughout and stainless steel 
trimmed. Positive automatic shut-off; 
stainless steel balls shut off the Sow 


PENBERTHY 


“TRANSPARENT’’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 





Used to observe color 
and density of liquids 
under high pressures 
and/or temperatures, 
Construction exception- 
ally sturdy. Made of 
alloy temperature resist- 
ing steel, and are highest 
quality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect align- 
ment and rigidity. Con- 
form with A.P.I.— 
A.S.M.E. requirements. 


The “Transparent” is 
one of the complete 
line of Penberthy gages 
that meet every liquid 
level gage requirement. 


of liquid if glass breaks. 


ipment 

“ r ht removable seats, heavy duty ner 
p rig boxes, union connections. Conform 
ige for with A.P.I.—A.S.M.E. requirements. 
for fin- This is one of the complete line of 
ground. Penberthy gages that meet every 
Dicture. liquid level gage requirement. 




















PRRs 
PENBERTHY INJECTOR CO. 


ancdian Plant 
DETROIT, MICH. WINDSOR ONTARIO 


PENBERTHY 


QUALITY 
PRODUCTS 


PENBERTHY INJECTOR C0. 


+ pile elie lal Ple 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


DROP FORGED STEEL 


LIQUID LEVEL GAGES 


PENBERTHY INJECTOR CO. 


Canadian Plan 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


“ALL IRON”’ 


LIQUID LEVEL GAGES 


ecified 
cal rub- | 
vay not 
urpose 





Tee ig Recommended 
|. : "10" for 750 Ib. 
Hydrostatic 
Pressure 








Steel construction throughout with 
stainless steel interior trim. Auto- 
matic shut-off is positive and in- 
stantaneous; stainless steel balls 


Body made from a special high 
strength alloy iron, shanks alloy steel 
and trim stainless steel. Extra heavy 
construction throughout, automatic 
and positive shut-off if glass breaks, 
heavy duty stuffing boxes. Conform 
with A.P.I.—A.S.M.E. requirements. 


The “All Iron” is one of the complete 
line.of Penberthy gages that meet 


Penberthy injectors—ejectors—auto- 
matic electric and water (or steam) 
operated sump pumps are all widely 
used throughout the oil industry 
because thay have always been depend- 
able under the most severe service 
conditions. 

All are of rugged construction and 
made by an organization with 59 years 


shut off the flow of liquid when 
glass breaks. Heavy duty stuffing 
boxes, union connections, offset 
construction facilitate cleaning and 
simplify glass replacement. Con- 
form with A.P.1.—A.S.M.E. re- 
quirements. 

This is one of the complete line of 
Penberthy gages that meet every 


every liquid level gage requirement. experience in the manufacture ‘of 


highest quality products. liquid level gage requirement. 























PENBERTHY INJECTOR CO. 


DETROIT, MICH. 


PENBERTHY INJECTOR CO. 


PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


Canadian Plant 


WINDSOR, ONTARIO WINDSOR, ONTARIO 


DETROIT 2, MICH. 
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|. Radiator Made 
From Old Tubes 


Se atmospheric sections 
were used by operators of an isolated 
booster station to build an air-cooled 
radiator-type installation to regulate 
temperature in a closed jacket-water 
system, Two two-pass units are oper- 
ated in parallel, with a constant head 
of water supplied by a tank above the 
units. The cooling sections are set on 
end and supported by a pipe framework. 

The tubes used had passed usefulness 
in their original service in gasoline plant 
condensation service, but still are suffi- 
ciently water tight for this low-pressure 
service. Original header connection was 
closed with flanges, and two-inch pipe 
connects the two units at top and bot- 
tom. 

Water from the gas-engine and com- 
pressor jackets is pumped by the usual 
unit used with single-engine settings 
into the unit facing the prevailing wind, 
rises to the top header where it enters 
the chamber connected to the opposite 
row of tubes, thence back to the jackets. 

The supply tank on top of the instal- 
lation is directly connected to the cool- 
ing sections to provide a constant head 
of water. A float-controlled valve in the 
tank keeps that supply at predetermined 
level, so that frequent inspection is not 
required. 








The “jury” of readers who 
kindly consented to evaluate 
items printed in this department 
in September have indicated the 
award should go to Item 4: 
“Planned Program Proves Valu- 
able in Controlling Maintenance 
Costs.” 

Accordingly, a $25 Victory 
Bond is being sent to “D. B. T.,” 
who previously has been paid for 
his contribution. 


Comment has proven that this 
“How To Do It” feature is inter- 
esting and valuable to a large 
segment of readers. Voting on 
September items was preponder- 
antly for the winner, but the de- 
cision was not unanimous. Every 
item got some votes. 


Each item has a distinct value. 
Obviously, most of them have 
limited application in that they 
were designed to fill a particular 
need under a particular condi- 
tion. But every problem has a 


The Winner 





parallel, and knowing how one is 
worked out stimulates thinking 
on the other. The thought-stimu- 
lation angle is the important 
item here. 

That is why contributors to 
this department can make a dis- 
tinct contribution to the indus- 
try. Petroleum refining as an art 
has made its progress through 
cooperation of the scientists and 
technicians who have built it. 
Here is opportunity for coopera- 
tion among those who, in final 
analysis, make what the scien- 
tists devised tick. 

Send in that item you have 
been thinking about — one you 
devised or helped with (or even 
one you just know about). You 
can thus pick up $5.00 or more, 
and you may win a bond. At the 
same time you will be helping 
your fellows in the industry 
either with an idea for direct ap- 
plication or for stimulation of 
thought. 








d. Filter Unit Supplies Clean Oil 
lo Crankeases and Lubricators 


in one of the large combination gaso- 
line plants and compressor stations in 
the Santa Maria, California, field, a con- 
tinuous filtration system has been de- 
signed to provide clean oil to crank 
cases and to the sumps of force-feed 
lubricators. Conventional service to 
heavy-duty engines of this type requires 
frequent addition of oil by hand, as, well 
as periodic draining of crankcases. 

In the continuous filtration equipment 
crankcase filling is not required since 
operation of the system assures oil at 
the proper level in all engines. Likewise 
oil is fed continuously to sumps of 
force-feed systems, Oil free of metal 
particles and sediment is thus provided 
for all engine-compressor requirements. 
The filtration unit starts with a reserve 
storage tank on the plant yard. Oil from 
this tank continuously replenishes the 
oil in service. Reserve oil flows into the 
treating system by liquid-level control 
on a horizontal tank in the sump. A 
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J 
0 
li 
e 
steam pump at the side of the sump 1 
takes suction from this horizontal tank, ‘ 
forcing oil through the twin filtration T 
unit and into the header above the r 
gine battery. : 
_The filter cases are manifolded 9 a 
either or both may be used at one tim it 
Provisions have been made for cutting er 
one out of service for removal of wor T 
filter element and installation of ne" 
The pump is operated by plant steal St 


and the pressure of delivery to the & 
gines is controlled by an instrument 
the steam line as a constant stream 0 
oil at required pressure is always ava 
able. 

A 2-inch line leads from the outle 
of the filter elements to an elevated 
header supported by the roof truss 
of the engine room. Individual suppl! 
lines drop to the engines from ™ 
header where the oil enters throw 
connections in crank case covers. ! 
stop cock in the supply line controls tH 
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There are 4000 reasons for specifying 
TUBE-TURN Welding Fittings 


HEN planning any piping installation, it 

saves time and money to be able to get all 
your welding fittings from one source. There are 
more than 4000 items in the complete Tube Turns 
line, available through selected distributors in 
every principal city. 

Tube-Turn welding fittings were the first seam- 
less welding fittings. In building the complete 
Tube Turns line to meet all welding fitting require- 
ments over a long period of years, this organiza- 
tion has acquired a wealth of experience in solv- 
ing all manner of piping problems. This experi- 
ence is yours to command, through your Tube 
Turns distributor. Behind him, at your service, 
stand the nearest Tube Turns branch office and 


ye 





‘TUBE-TURN 


TRACE MARK 





THE COMPLETE LINE OF WELD 
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the vast resources of the home office and lab- 
oratories. 

Get acquainted with your Tube Turns dis- 
tributor. However large or complicated your 
requirements, he has the answers. Write today for 
your free copy of Tube Turns Catalog 111, con- 
taining 240 pages of up-to-date welding fittings 
information. 


Selected Tube Turns distributors in every principal 
city are ready to serve you from their complete stocks. 


TUBE TURNS (Inc.), Louisville 1, Kentucky. 
Branch Offices: New York, Chicago, Philadelphia, 
Pittsburgh, Cleveland, Dayton, Washington, D.C., 
Houston, San Francisco, Seattle, Los Angeles. 


ING FITTINGS AND FLANGES 
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Above: Pump and fil- 
ters for oil circulating 
to all units in compres- 
sor station. Nearest 
tank in background 
feeds through liquid- 
level control to tank in 
pit (not shown) as feed 
for pump at the right. 


Left: Filters through 
which oil passes going 
to lubricating system. 


Below: Supply to lubri- 
cators is regulated by 
stop cock above sight 
glass at the compressor. 





| 
READERS ARE URGED TO CONTRIBUTE items to this department. 
Drawings or photographs are desired where practical. Payment for 
items accepted vill be on a basis that will compensate for the time 
involved and in addition each contribution will be eligible to receive 
the bond award as outlined in the announcement on page 166. Jury 
awards will be announced in the second issue after publication. 


quantity of oil to the particular engine 
and a sight feed glass below the stop 
cock shows rate of flow to the crank 
case. In this way, all oil required by the 
engine enters the crank case and js 
circulated over the bearings by the ep. 
gine pump, the same as if the crank 
case had not been changed, so far as 
supply is concerned. 

Oil for the force-feed lubricators hay. 
ing delivery lines to the power and com. 
pression cylinders and the packing 
glands of the stuffing boxes is furnished 
through a line taking off from the en. 
gine crank case sump pump. A contro 
valve in this line allows a continuous 
stream of oil to enter the sump of the 
force-feed lubrication. If the sump of 
the lubricator was originally in two sec. 
tions, a change-over was made by in- 
serting an equalizer line through the 
partition so that both sides remain at 
the same height. Excess oil, above that 
required for the force-feed pumps, is re- 
leased back to the engine crank case 
through an overflow nipple set in the 
side of the sump of the force-feed lubm 
cator and extending through the crag 
case cover of the engine. i 

Pipe connections were made to ff 
crank case sumps of the engines whé 
the conventional drains were attached® 
release surplus oil back to the filterim 
section. In the drain lines are st 
pipes high enough that constant c 
case level is insured. Accidental d 
ing of the crankcase is prevented, 

a supply of oil is always in the c 
case to supply lubrication for a consi 
erable period without replenishi 
Excess oil flows continuously from” 
of the engines in the building to a 
mon header which returns it to 
horizontal tank in the pit, from whit 
it is recirculated by the small ste@ 
pump. Air lock in the overhead he: 
is prevented by a vent line connect 
above the delivery line so that any 
ors collected will escape, and are i 
to a funnel above the horizontal t 
with entrained oil returned to the t 
without waste. ‘ 

Each engine is supplied with a com 
stant stream of fresh oil without bel 
handled in buckets and measuring caf 
and low level in either the crank @ 
or the force-feed lubricator sump & 
eliminated. The quantity of lubricall 
consumed by this method should 
considerably less than with older @ 
ventional methods, since no oil is 18 
because of periodic crank case drainingy 
The amount of oil used is measure 
with an oil meter set in the line whit 
supplied the horizontal tank from 
vertical storage.—G. W., Califorma. 


3. Paved Space Beats 
Wooden Storage Bl i 


A PROGRESSIVE refining com 
on the Pacific Coast has provide 

phalt-paved storage space for its @ 
door storehouse for plant materia 

placing wooden docks which had she 
the inevitable decay. Space for the ® 
type storage dock is near the salves 
and general repair depot, and is 5 
rounded by roadways which permit # 
cess from all directions. The grow 
was graded and tamped in anticipat 
of the load of heavy fittings. Concté 
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YNDIVIDED RESPONSIBILITY IN ONE ORGANIZATION 


HE specialized knowledge and broad expe- 
7c. of the McKee staff of designers, 
process specialists, engineers and skilled 
construction personnel assure you up-to-date 
design, sound engineering and efficient construc- 


tion of your project by ONE organization. 


Arthur G. Mckee & Company 


*  Srngineers and Contachts * 


2300 CHESTER AVENUE «+ CLEVELAND, OHIO 


30 Rockefeller Plaza, New York, N. Y. 
Commerce Building, Houston, Texas ; 
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Outdoor storage space with asphalt paving and concrete curbs, and marked spaces for different 
classes of materials, found superior to wooden docks. 


curbs serve both as a retaining wall for 
the asphalt covering of the storage 
space and to prevent trucks from dam- 
aging the edges of the paving. Standard 
“black-top” surfacing material was 


rolled smooth with the top of the curbs, 
with the center slightly high to insure 
drainage. Divisions are marked with 
paint and stenciled to indicate the size 
and kind of material to be stored there. 
—M. T. P., California. 


4. Single-Stage Vapor Compressor 
Adds Engine to field Service 


B Y a relatively simple change in pip- 
ing, and by altering the operating pres- 
sures on the accumulator and conden- 
sate receivers so that a single-stage com- 
pression would liquefy all the desirable 
C, and C, vapors in the stream passing 
from the still and through the product 
coolers, there was added what amounted 
to another power unit available for 
handling field demands. 

Earlier operation involved the use of 
two-stage compression, all plant vapors 
being first passed through a low-pres- 
sure cylinder for recovery, with the sec- 
ond stage being used for boosting to 
condensing pressure in the adjacent 
high-pressure cylinder. This operating 
procedure demanded an entire engine 
for handling plant volume, regardless of 
the volume of wet gas being handled 
from the field. Where the proportion of 
plant to field gases was high, much of 
the power available in the engine set 
apart for plant needs was unused. 

To make the desired change-over so 
that single-stage compression would suf- 
fice to handle plant vapors, it was neces- 
sary to plan and prepare piping in ad- 
vance, so as to eliminate shutdown of 
any unit save that directly involved in 
the shift. The suction header for the 
plant was carried overhead, with drop 
legs directly into the suction side of the 
low-pressure cylinders, For the change- 
over, a spool nipple was made up to 
flange into the suction line of the com- 
pressor adjacent to the one to be 
switched over to field use. This spool 
was equipped with a Y-branch, set up- 
ward, so that a line might be run over 
to the next low-pressure cylinder. 
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Insertion of this Y into the suction line at left, 
with a cross-over pipe tied in to the suction side of 
the nearer unit, permits the low-pressure cylinder 
to handle 114 million cubic feet of wet gas, while 
the high-pressure side handles plant vapors unaided. 








Eee month the operating personnel 
in the refining, cycling and natural- 
gasoline plants determine the winner of 
a War Bond, maturity value $25.00. 
Superintendents, assistant superin- 
| tendents and foremen (subscribers as 
| well as non-subscribers) become a jury 
| to select the most practical contribution 
| to this new department of Petroleum 
|  Refiner on maintenance and operation. 
| The editors rotate the voting among men 
| qualified to determine the rating. 

This award is in addition to payment 
for the article. These methods of solving 
| plant operation and maintenance prob- 

lems come from the personnel of the in- 
dustry. Items provided by Petroleum Re- 
finer staff members will not be eligible 
for the War Bond award. 

Send contributions to Petroleum Re- 
finer, P. O. Box 2608, Houston 1, Texas. 


This auxiliary suction line was car- 
ried up and across just below the main 
suction header, being attached to it by 
welded supports to minimize vibration 
of the long loop under operating con- 
ditions. 

When the new connection was placed 
and operation under way, it was found 
that the low-pressure cylinder could 
handle approximately 1% million cubic 
feet of wet gas, adding materially to 
plant throughput at small cost. 

The product accumulator as originally 
installed was of a design ample to carry 
the increased pressures imposed upon 
it, and no change was required to main- 
tain the desired factor of safety. 

A 4-inch vapor line, added to the up- 





This 4-inch line from the accumulator & 
carried: directly to the intake side of 

high-pressure cylinder which now handles all 
plant vapors in a single-stage compression for 
liquefying vapors to add to the plant stream. 
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F you are obliged to put your compressor 

horsepower into restricted space .. . if low 
foundation and housing costs are a considered 
factor in your plans... or if, like many, you 
simply don’t see the sense of wasting needless 
space and money, then by all means consider 
what Cooper-Bessemer’s modern G-MV unit 
offers in this respect. 


Compactness was a primary objective in G-MV 
development, second only to considerations of 
strength and overall efficiency. V-angle design. 
2-cycle operation, articulated connecting rods, 


YOURS FOR THE ASKING 


G-MV compressors, 400, 600, 800, and 1000 hp, 
are comprehensively described in this new bulle- 
tin No. 337 which also contains manv useful 
and informative diagrams. sectional drawings 
and installation photographs. 


bulk-reducing Meehanite Metal, and the design 
ingenuity born of 112 years of engine-building 
experience all contribute to the G-MV's efficient 
compactness. 


These same values and others equally im- 
portant can also contribute to a record of 
economical compressor operation and low 
overhead that you can be proud of. Send 
for the new 48-page G-MV Bulletin and have 
complete information on these 400 to 1000 
hp units at your finger- . a 


San Francisco, Calif. Seattle, Wash. 
Shreveport St. Louis Los Angeles 


New York Washington 
Houston Dallas Tulsa 
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per outlet of the accumulator, leads to 
the suction of the high-pressure cylinder 
formerly used as a two-stage machine. 
Through this line all uncondensed C; 
and C, vapors flow to the inlet of this 
cylinder. 

Relatively slight stepping up of the 
still operating pressure provided the 
necessary pressure to insure flow to the 
former high-pressure cylinder. With this 
change recovered vapors could be lique- 
fied and fed, as produced, into the pro- 
duct stabilizer along with other nor- 
mal plant production. 

—J.C.A., California. 


9. Substitute Concrete for 


Brick in Furnace Walls 


ER buvcaicen concrete has been 
used for inclosing the couustion cham- 
ber of a refinery boiler setting in South- 
ern California, where it was found im- 
possible to get common brick. The 
installation was designed to separate the 
concrete wall from its firebrick lining 
with a space of 3 inches, which is used 
for air circulation, which provides part 
of the combustion requirement. 

The boilers are HRT units, firing be- 
neath the shell with the products of 
combustion following through flues to 
the stack, The concreté walls were de- 
signed with 3-inch taper on the inside 
and a perpendicular surface outside. 
None of the weight of the boilers is 
on the walls, as pipe posts are set with 
horizontal cross members and with rods 
attached to lugs on each side of the 
boilers. 

Intake for both fuel and air is at the 
end of the setting below the stack loca- 
tion. Tubes, sloping at 45 degrees, are 
inserted through the end walls and 
throw the flame downward and toward 
the other end of the combustion cham- 
ber where the flues are exposed. The 
tubes are so arranged that part of the 
air required for combustion is drawn 
from the space between the concrete 
shell and the fire-brick wall. This main- 
tains circulation in the space and pre- 
vents excessive heating of the concrete 
wall. 

Short nipples are inserted in the con- 
crete walls near the corners to permit 
air to enter the space and find its way 
to the fuel mixers.—G. N., California. 


b. Auxiliary Units Operate 
From fither Engine 


| a small refinery where it is un- 
economical to install a standby for each 
auxiliary unit, one operator installed an 
air compressor beside a generator so 
that either of them could operate off of 
the same motor in an emergency. By 
simply setting each engine parallel to 
the other and installing extra sheaves 
on each shaft, he was able to belt them 
together and in a few minutes declutch 
which ever motor was down. 

The photograph shows the arrange- 
ment of the two engines, on directly 
connected to a generator and the other 
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Either of the two engines is a spare. Should one engine go out of service it is only necessary to 
put on the emergency belts, shown hanging at the right, and one engine can pull the load for 
both while repairs are being made. 


connected to an air jammer by means 
of V-belts. The standby belts are shown 
hanging above one of the V-belt sheaves 
in readiness for an emergency. The 


units are mounted on slide rails so that 
they can be fitted with belts. The spare 
belts are then suspended above the shaft 
and can be rolled on the 
out further adjustment. 


sheaves with- 





This platform is truck high for easy handling 

of supply in and out. The trough in foreground 

makes it simple to lower a bottle when needed 
on the ground. 


The motors are four-cylinder diesels 
which are rated for a continuous out- 
put of 100 horsepower. However only 
65 horsepower is required to operate 
either the air compressor or the genera- 
tor. One motor can operate both of the 
units easily for a few days while the 
other motor is being repaired.—C. J. S, 
Texas. 


/. Handle Oxygen Bottles 
Easily and Sately 


R APID, safe handling of oxygen bot- 
tles around the supply and maintenance 
yard will save much time and equip- 
ment-hours through use of a_ special 
platform that was designed by one main- 
tenance department superintendent. At 
one end of the loading dock a short 
length of 12-inch casing split in half 
lengthwise was installed, set at such an 
angle that bottles may be gently low- 
ered without danger of their slipping 
down too fast to be caught by the man 
on the ground, yet permitting it to 8° 
down in near-vertical position for easy 
handling. Encircled by a pipe and chain 
safety railing, the platform is decked 
over with a single sheet of steel plating, 
the latter taken from a broad piece ® 
salvaged tank siding. The broad front 
of the dock is used in the normal mat 
ner, for unloading of fresh supplies a@ 
taking them off when moving by truck. 


—T. G., Oklahoma. 
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Two ever-present 
operating conditions 
put unusual strain on 
blow-off valves. They 
are, (1) abrasive ac- 
tion of grit, scale and 
sediment blown through the valve, (2) expand- 
ing and contracting of valve parts caused by 
wide and repeated variations in temperature. 


The chart shows temperature variation in a typical 
blow-off valve installation. Line A indicates temperature 
constancy of valves operating in steam lines. Line B shows 
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1 3456 , 2 3456 6 
temperature fluctuations in blow-off valve operation from HOURS 
boiler room to saturated steam temperature in a matter of (BLOWDOWN PERIOD X BLOWDOWN PERIOD >< BLOWDOWN PERIOD > 
seconds, followed by long periods of cooling until the 
next blow-down period. 





RRM REREAD ST A CA EE RETA KRM 

Edward attacked ‘ x 
the two-fold problem in 
two ways. First, new 
techniques were devel- 








od fr oped for hardfacing 
seats, disks and other 

parts which get the greatest wear, and new 

liesels heat treating equipment was designed for non- 
~~ scaling heat treatment of parts after finish 
erate machining. Second, dies and patterns were 
Tf the designed to equalize metal sections so that 
. Ye distortion in heating and cooling was controlled 
J. S, and a valve closed tight under high boiler tem- 


perature would still be tight after cooling. 


Designed specit- 
ically for boiler blow- 
down conditions, to- 
day’s Edward blow-off 
valves fit any installa- 
tion requirement, need 
almost no maintenance atiention. Globe stop 





n bot- 












| 
nance type principle is retained for tight seating, less 
quip, packing wear, and easier repacking. Bulky or | 
on irregular metal sections that cause distortion . 
main a : ; | 
t. At of working parts in frequent heating and cool- | 
= ing are eliminated. Internal parts are few, . 
Pov hence there is less clogging, erosion, adjust- | 
low- ment or replacement. These and other design Edward blow-off valves come in straightway or angle | 
= advantages are outlined in detail in the new designs, flanged or socket welding ends, for service from 
ae Edward Blow-Off Valve Catalog, No. 12-D. 150 to 1500 lb sp. 
easy Write for your copy. 
chain 
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The Manpower Problem 


in Petroleum Refineries Solved by 


Job Evaluation and Wage Incentive 


GEORGE S. MAY BUSINESS FOUNDATION 


a refineries are finding 
job evaluation and wage incentives ex- 
tremely useful as tools in labor man- 
agement, especially where used in com- 
bination. 

‘hrough job evaluation all jobs 
within the establishment are scientifi- 
cally rated and pay rates set accordingly 
in a manner obviously fair to all con- 
cerned. Through wage incentives work- 
ers are extra-rewarded in proportion to 
individual production above scientifi- 
cally established standards. When used 
together, job evaluation and wage in- 
centives are highly effective in raising 
morale, improving labor-management 
relations, reducing labor turnover and 
absenteeism, and increasing production. 


Refineries Hard Hit by Labor 
Shortage 


The urgent need for these scientific 
correctives is clearly indicated by: man- 
power conditions in the oil refining in- 
dustry during the war period. Monthly 
labor turnover ranged as high as 10 per- 
cent in some plants, and labor shortage 
was an important contributing factor, 
as shown by a recent survey, when 118 
refineries closed between 1939 and 1943. 
Withdrawal of technically trained men 
into the armed forces was especially 
damaging to the industry inasmuch as 
highly trained technicians constitute a 
large percentage of its normal person- 
nel. Replacement of such men is difficult 
at any time. 

As another complicating factor, the 
average refinery employe is entrusted 
with tremendous responsibility for daily 
production and for the use of materials 
and equipment. Before the war the in- 
vested per-worker capital in the indus- 
try was $36,000, an unusually high figure 
compared with other industries, and the 
annual per-worker output was $33,000 
or four and one half times the average 
per-worker output for all industrial 
workers in the United States. 

In the light of these facts—heavy 
losses of irreplaceable trained men to 
the armed forces, and heavy responsi- 
bilities of the average employe—it is 
especially important to prevent turn- 
over and any slackening or failure of 
effort among those remaining. Job 
evaluation together with wage incentives 
is the best possible means to that end. 


Unscientific Methods Breed Trouble 


It is impossible to overestimate the im- 
portance of the scientific approach in 
matters relating to compensation. In 
companies where pay rates and incen- 
tive rates (if any) are determined by 
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trial-and-error, rule-of-thumb, quick ar- 
bitrary decisions, or blind following of 
precedent, one usually will find many 
workers underpaid, many overpaid, and 
many groups paid inconsistently with 
many other groups inside and outside 
the plant. Employes quickly become 
aware of such discrepancies and show 
their resentment through absenteeism, 
inefficiency, waste and extensive turn- 
over. 

And mere fairness with respect to 
pay will not suffice; it must be obvious 
fairness — fairness which the worker 
cannot possibly misconstrue. Delusions 
of injustice and discrimination often 
cause workers to give up what are 
actually good jobs as regards pay and 
otherwise. Job evaluation and wage in- 
centives effectively safeguard manage- 
ment against such. 

The 





value of these procedures in 
terms of utilization of labor alone is 
truly immense. At present not more 
than 25 percent of all industrial plants 
are making full use of their available 
labor potentials. Management, by bring- 
ing the other 75 percent up to par, 
could add the equivalent of more than 
five million workers to the nation’s pro- 
ductive capacity without increasing 
plant facilities. 


Preliminary Spadework 


Before the installation of job evalua- 
tion and wage incentives, certain pre- 
liminary steps are usually taken (Fig- 
ure 1). First the existing method or 
methods of performing the job are ana- 
lyzed. Perhaps it will be found that the 





THE JOB 
(old) 

















THE JOB 
(new) 
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WAGE (Analysis 
Performance INCENTIVE and Rating 
Standards SYSTEM of Job) 
FIGURE 1 





ln petroleum refineries the prob- 
lem of replacing technically trained 
workers lost to the armed forces is 
especially difficult; hence the vital 
need for maximum efficiency by the 
available labor force and for all-out 
efforts to control the labor turnover. 
Too, the value of output per worker 
is extremely high in this industry and 
the burden of responsibility carried 
by each worker proportionately 
heavy; hence an emphasized need 





for effective labor control. These 
problems have brought job evalua- 
tion and wage incentives to the fore- | 
front as a means of increasing labor | 
efficiency and improving labor-man- 
agement relations in petroleum re- 
fineries. 








job is being performed in different ways 
by different workers, some ways taking 
longer than others (a wasteful condi- 
tion characteristic of plants where 
standardization is lacking). After break- 
ing down these different methods into 
their elements it will perhaps be dis- 
covered that the best method of per- 
forming the job is one which combines 
elements from worker Brown’s method 
with elements from worker Smith’s and 
worker Johnson’s methods. Or entirely 
new elements, developed in the analysis, 
may be introduced. The elements found 
most effective are then standardized and 
the total of these elements becomes the 
new method of performing the old job. 

Through time study applied to each 
element of the new method we now de- 
termine the time it should take a worker 
of average ability to perform that ele- 
ment or operation, with due allowance 
for fatigue and other causes of delay. 
Performance standards are set accord- 
ingly and the total of these standards 
for the various operations becomes the 
performance standard for the job. 

The relation of these preliminary 
steps to job evaluation and wage incen- 
tives is also shown in Figure 1. The job 
is analyzed as to its duties and obliga- 
tions and then rated with respect to the 
other jobs in the plant. Performance 
standards, together with the basic data 
furnished through job evaluation, are 
then used for setting up the wage in- 
centive system. 

The preliminary steps having been 
explained, we proceed to discussions 0! 
job evaluation (analysis and rating ol 
jobs) and wage incentives. 

Job evaluation is a powerful factor 
in efficient management because it— 

1. Stabilizes labor costs within the 
company’s organization. 

2. Provides means for establishing 
and justifying hourly base rates. 

3. Allays suspicion, jealousy, and dis- 
content about unfairness of wage rates. 

4. Provides means for management to 
resist pressure groups (inside and out 
side the plant). 

5. Determines basic qualifications for 
placing, promoting, and rehiring em- 
ployes. 

6. Keeps a current system for up 
grading workers. 

7. Provides basic 
personnel. 

8. Attracts capable workers to the 


data for training 
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ice A foreman on a refinery tower... 
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aah An oiler on a locomotive deck... 
data pe » 
are Every time he puts his foot down, forty 
we Diamond Treads are there — reaching 
bee up to give extra traction; to hold against 
a slipping in any direction. 
- Workers depend on “A.W.” Rolled Steel 
we Floor Plate (Super-Diamond Pattern) 
: for permanent protection. Toughest 
= traffic will not damage it. Cleans easily; 
di drains quickly. Can be cut and in- 
pre stalled overnight without interfering 
out- with production. Write for catalog. 








‘| ALAN WOOD STEEL COMPANY 


all SINCE 1826 :: CONSHOHOCKEN, PENNSYLVANIA :: District Offices and Representatives: 
ae Philadelphia New York Boston Atlanta Buffalo = Chicago Cincinnati et Gillen 
Denver Detroit Houston St. Paul New Orleans Pittsburgh 
the Los Angeles San Francisco Seattle Montreal 
» Zl 
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UNIT AND LOCATION....... TITLE OF JOB Pipefitter BB 
RES Ae RE RI Cowes duachestcaaceen ss 
N ‘ 
FACTORS 0 2 4 6 8 10 Retag 
ay Required preparation to perform | Grammar School | 2 Years High School H.S. plus Bus. or | College Graduate | College Graduate 
the job. Need not be obtained in school but School raduate Vocational plus technical 4 
school standards used. School 
ah wit ped yp et ee None 1 Year 2 Years 3 Years 4 Years 5 Years or more Sh 
TRAINING TIME ON JOB. Timetocompree | |. | © eres i ars zs 
hend all aspects. Also time for understudy of | Very Little 1 Month 3 Months 6 Montas 12 Months 18 Months or 8 
any et de job. more 
PHYSICAL OR MENTAL FATIGUE due to | Very Light | Moderate Average Active Gtrenueus _ Extreme or. 
working conditions. 
DETAILS TO ORGANIZE and handle outside “Very Few i — Recognized Substantial Important Very Important Extreme 4 2 
of routine or instructions. Factor Number 
QUALITY REQUIREMENTS. Job demands ‘Mec Recognised | Ordinary Important Important | Exceptiona <s, 
care and skill | Consideration Factor Average office Special care— U ivided atten- — a 
Low grade jobs | Quality jobs precision tion required. jobs. Gerat con- 9 
| important Failure would centration and 
: F : be serious skill required 
- 2 eS no ey Sel Daily Problems New Proble 
RESOURCEFULNESS. Initiative and ingenuity | Very Little Occasional Frequent Inde- Independent Great Deal of Constantly wT 4 
required pendent thinking thinking and Independent Important mat- 
and action action—daily Thinking ters constantly 
VERSATILITY. Number of major skills or opera- | | Credit | 2 Credits 3 Credits 4 Credits 5 Credits 6 Credits or more a7 
tions required. 
i I t | Exceptional q 
CO-OPERATION AND PERSONALITY. Need Average eenaes. "Personality and 
Jor tact and agreeableness. Very Little | Below Average Occupant must | Above Average ing positions co-operation are 3 
Works alone Group work— _ contact others Important con- with primary consid- 
rank and file jobs} as well as the tacting jobs customers or erations 
boss personnel 
RESPONSIBILITY. Job related to company as- Directly Affects 
sets and success. Tangible, intangible effect on Very little rela- Moderate. Effect | Important. Effect | Very Important Success of Busi- 
product, equipment, goodwill. No Direct tion. Gain or of gain or loss of gain or loss Effect of gain or ness. Effect of 4 
Relation loss estimated around $3000 around $10,000 loss around gain or loss 
around $1000 $25,000 around $50,000 
Rate the job on the basis of 100% performance. Mark i in column at extreme right the rating value which represents Total Rating for the Job......... 52 
degree to which factor applies to this job. Use odd numbers as 1, 3, 5, 7, and 9 to express intermediate degrees or value. 











FIGURE 2 


Illustration of the Point System of Job Evaluation 





plant because of absence of favoritism 
and other wage conditions that irritate 
workers. 

9. Points out the best opportunity 
for development and use of automatic 
machinery. 

There are many systems of job evalua- 
tion, some better than others. However, 
the basic merits of job evaluation can 
be made sufficiently clear by describing 
one widely used system which is ap- 
plicable to both office and plant per- 
sonnel. Known as the point system, it 
takes the job characteristics and assigns 
points to each for differentiating one job 
from another. A typical rating procedure 
is as follows: 

1. Each job is broken down into 10 
representative factors: education, previ- 
ous experience, training time on job, 
physical and mental fatigue, details to 
be organized, quality requirements, re- 
sourcefulness, versatility, cooperation 
and personality, and responsibility. 

2. Each factor is carefully analyzed 
on the basis of information contained on 
the job description form, is assigned a 
numerical rating value, and then com- 
bined with other factor values to give 
an aggregate rating. 

3. A numerical point system is used 
on this rating scale to furnish a tan- 
gible method for expressing rating 
values. Each of the 10 factors has a 
rating scale value extending from 0 to 
10. All 10 factors are assigned equal 
weights. 

Figure 2 gives a graphic presenta- 
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tion of the point system and the par- 
ticular rating of a pipefitter.. The 52 
points aggregate is converted into an 
hourly base rate on the scatter diagram 
(Figure 3). Here the horizontal scale 
gives the range of points and the verti- 
cal scale shows the hourly base rate. 
For every job considered, the corre- 
sponding point is plotted on the chart 
by a dot. A curve is drawn through the 
center of each group of dots and then 
this curve is smoothed out to a straight 
line. In determining the hourly base 
rate of the pipefitter job, the 52 points 
aggregate is located on the horizontal 
scale, followed up to the point of inter- 
section with the straight line and then 
projected horizontally to the vertical 
scale, where the hourly base rate is 
found to be $1.03. 

With performance standards estab- 
lished and all jobs properly analyzed 
and rated, the stage is now set for a 
wage incentive plan through which 
highly efficient use of facilities and 
labor will be assured. 


Establishing Wage Incentives 

Wage incentive plans are now in use 
in about 50 percent of all manufacturing 
plants. When based on properly deter- 
mined standards, these plans reduce unit 
costs, increase production, and improve 
employe morale (see Figure 4). 

When soundly conceived and prop- 
erly installed, wage incentives are bene- 
ficial to management and labor alike. 
Labor unions therefore have favored 





and promoted many incentive plans 
when it was shown that the benefits 
would accrue, not chiefly to manage- 
ment, but in fair measure to the workers 
as well. 

There are many wage incentive plans, 
each of which provides compensation 
based on amount of production. A plan 
in wide use and one found unusually 
successful is the “standard-hour plan.” 


The Standard-Hour Plan 

This plan is based on the standard- 
hour (earned hour) principle. For each 
operation, a standard is set in terms of 
quantity to be produced in an_ hour. 
Suppose this standard is eight pieces 
per hour. If the worker exceeds this 
standard, he nevertheless is paid an 
hour’s wage for every eight pieces he 
produces. If he produces less than 
eight pieces in an hour, he nevertheless 
receivies the base hourly wage as 4 
minimum. 

Increased earnings may be in direct 
proportion to the amount of work above 
standard that the worker has produced 
as an individual; or they may be derived 
from a departmental or other group in- 
centive which is the sum of the amounts 
due each individual in the department 
for his production above standard. In 
the latter case, each individual’s share 
of the group incentive depends upon his 
basic hourly rate and his actual hours 
worked. 

Standards set up under the standard- 
hour plan are expressed it terms of out- 
put or pieces per hour; therefore 
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These WHITLOCK Heat Exchangers were built for Typical of the heat transfer equipment for modern 
the alkylation and codimer units of The Texas processing produced by WHITLOCK, these heat 
Company, Lockport, Illinois, refinery for produe- exchangers are soundly engineered and skillfully 
tion of 100 octane aviation gasoline. fabricated to give optimum performance. 

Let us know your requirements 


THE WHITLOCK MANUFACTURING CO. 
149 Broadway, New York 6, N. Y. 
Main Office & Plant 75 South St., Elmwood, Hartford 1, Conn. 
Authorized representatives in other principal cities. In Canada: Darling Brothers, Ltd., Montreal 


ESTABLISHED 1891 — AHEAD OF THE TIMES FOR HALF A CENTURY 
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(cause of their Better Quality 


LUNKENHEIMER VALVES 
cost us LESS per hear of Service/ 








In buying a valve, as in buying anything else, it’s value 
you're really after. 


What is the measure of valve value? Length of service life, 
efficiency of performance, time and expense required for 
maintenance...these are the principal factors, 


In these and in all other elements of value, Lunkenheimer 
Valves have proved their superior worth throughout Amer- 
ican industry, in wartime as in peacetime. Maintenance men 
everywhere rely implicitly on these better valves because they 
know they are better values—quality-built in every detail, 
assuring longer and more efficient service with the very mini- 
mum of maintenance trouble and expense. 


For Better Valve Values, Specify Lunkenheimer! 


THE LUNKENHEIMER CO., Cincinnati 14, Ohio, U.S.A. 
Offices: New York 13, Chicago 6, Boston 10, Philadelphia 7. 
Export Department: 318-322 Hudson St., New York 13, N. Y. 





Fig. 1430 
Iron Body Gate 













Fig. 2125 “Renewo Globe" 
Bronze 
Gate 


Your LUNKENHEIMER Distributor 


Lunkenheimer Distributors are located in the principal indus- 
trial centers. There is one near you fully equipped to assist 
with your maintenance and operation problems. Call on him. 


BRONZE, IRON, STEEL, AND CORROSION RESISTANT ALLOY VALVES— 


AIR DEVICES, LUBRICATORS, AIRCRAFT FITTINGS 
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changes in base wage rates do not re. 
quire the resetting of established stand. 
ards, involving extra clerical work 
Piecework standards, under similar cir. 
cumstances, would require resetting. 
When used as a basis for retiring 
overhead costs, the standard hour has 
the advantage of absorbing the fyl] 
amount of overhead that is set up in the 
cost structure of the product. If a less 
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FIGURE 3 


Scatter diagram for preparing the 
conversion table. 
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permanent basis, such as labor costs, 1s 
used for retiring overhead, profits may 
be seriously affected by a reduction in 
the wage rate, which would automatt- 
cally reduce the amount of overhead ab- 
sorbed by the product. When the over- 
head per unit output is’ particularly 
high, such as in oil refineries, it is all 
the more important to insure that every 
unit of output bear its full share 0! 
overhead costs. The surest way of meet- 
ing this requirement is to allocate the 
overhead on the basis of standard hours. 


Standard-Hour Characteristics 

Noteworthy features of the standard- 
hour setup, when properly planned and 
installed, include the following: 

1. Fair return to the worker for his 
efforts. 

2. Fairness to management. withovt 
increasing unit costs. j | 

3. Simplicity of plan (easily explained 
to workers). 

4. Minimum amount of clerical work 
involved. 

5. Extra compensation given a worker 
for being a first-class operator. : 

6. Sufficient monetary incentives, 
fered in a very definite way, for oP 
erator to meet quantity and quality 
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For U: nfatling 
Protection of 
Your Product... 


DU PONT GASOLINE 
a STABILIZERS 
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Millions of Barrels of high-grade war gasoline have been 
effectively protected by Du Pont Gasoline Stabilizers. 


Du Pont Gasoline Antioxidants are high-efficiency products, 
easy to handle, economical to use, suitable for gasoline of all 
types. Each responds differently in different gasolines, per- 
mitting you to select the type best suited to your own product 
and its service requirements. 


Du Pont Metal Deactivators are designed to supplement the 
Antioxidants in stabilizing gasoline contaminated with traces 
of soluble copper. These products give added protection to 
gasoline in the presence of catalytic metallic surfaces. 


Antioxidants—Du Pont Gasoline Antioxidant No. 5, No. 6, 
No. 22. 


Deactivators—Du Pont Metal Deactivator and Metal Deacti- 
vator S. 


Consult Du Pont also for: Oil-Soluble Colors—Lubricat- 
ing Oil Additives—Fuel Oil Additives—Metal-Working 
Lubricants—Corrosion Inhibitors. 


























Du Pont Technical Men, with many years of 
practical experience in the laboratory and 
in the field, will work with you in selecting 
or developing the right materials to meet 
your specific needs. For more details, write 
to: E. I. du Pont de Nemours & Co. (Inc.), 
Petroleum Chemicals Section, Wilming- 
ton 98, Delaware. 


Petroleum Chemicals Enhance the 
Value of Wartime Petroleum Products 








DU PONT 
oLEUmM 


Guemicats 


BETTER THINGS FOR BETTER LIVING 
«THROUGH CHEMISTRY 






REG. U. $. PAT. OFF. 
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requirements —if replacing daywork 
piecework, or bonus operation. 
7. Basis for incentives for non-produc. 
tive workers, also for supervisory staff yey | 
8. Applicable to all types of jobs in ff torie: 
the plant regardless of increase or de. § jnsta 
crease in volume of production or num. § emp! 
ber of persons employed. plan; 
9. May be co-ordinated and corre. § wide 
lated readily with planning and schedul. § tive’ 
ing of work and with payroll records, Nc 
10. Standard unit of measurement re. § cu 
mains unchanged so long as conditions § Neve 
are static. Is unaffected by wage varia. § inclu 


veys 
New 
comfy 













































tions. ; great 
11. Provides a stabilized vehicle for § com 
retiring overhead or auxiliary costs. sultit 


There are instances where the stand. § creas 
ard-hour plan has increased individual § has 
productivity as much as 300 percent and § work 
the productivity of the whole plant § mon 
raised as much as 200 percent. Many 
industries report as many as 80 percent INC 
of their total number of employes on 
some kind of wage incentive plan. 


abc 

Group Incentives PRO! 

Under ideal conditions, group incen- 
tives bring out the cooperative spirit 
found only in teamwork—the supreme 
objective of such installations. General 
Motors adopted an incentive plan for 
groups as far back as 1912, and con- 


tinued its use until the company con- 
verted to war work, For mechanically 
paced assembly-line work, the group 
plan is especially applicable. Where sev- 
eral persons are engaged in a series of 


related operations, the group plan tends Resull 
to overcome bottlenecks and to main- 

é : plants 
tain an even flow of production, pro- 


vided the individual operations are 
3 properly balanced. Also for maintenance Th 
x work and other varying tasks, the group me i 
plan ‘offers decided advantages. While § ‘5! 














the individual incentive may be more § “°C 
accurate and hence preferable in most ws 

i osition to departments, job characteristics may 
Gueo agen we are in @ pes preclude its installation for some activi- ap 
handle your orders. Our facilities are ties. Hence the need for group plans in ad 
now available to fabricate various types certain cases. taini 
of welded steel plate work, including Incentives for Supervisors payri 


Incentive plans are not necessarily of fu 


air receivers, water tanks, pressure ves- limited to productive workers. Some ef- Pe 
sels, storage tanks and other types of fective incentive plans have been de- § the t 
veloped for supervisors and foremen. labor 

welded products. The supervisory plan usually results in cost 
(1) encouraging the foreman to increase time. 

Our engineers and estimators will gladly efficiency and reduce costs, (2) showing § for a 
the foreman all factors worth con- caref 

cooperate with your engineering and trolling and the. extent to which such throt 
purchasing departments in the furnish- factors affect his performance record, § high 
£ i d oth inf tion and (3) outlining a path for the foreman note 

ing of prices and other information. to travel so that management can ob- lishe 
Phone, wire or write today. serve and measure the value of his ac- J tives 
complishments. inary 

A supervisory incentive plan should ina 


not only provide rewards for accom- 
plishments and penalties for failures, but 
SHIPBUILDING DIVISION — Barges, Tugs, Tankers, Floating should enable management to get at = Tt 
Equipment. reasons for various results. Some of the b 
factors for which supervision can be cen 
INDUSTRIAL DIVISION—Machinery and Equipment of All Kinds. held responsible are: efficiency of direct manc 








ve : = ndirect exect 

AIR CONDITIONING AND REFRIGERATION DIVISION — Refrigera- on es ie Typical | wast 
tion, Comfort and Process Air Conditioning. of savings ‘oat by foreman incentive mod 
plans is the claim made by one com- ee 

pany that such a plan is saving them = 

$88,000 a year. Seah 

es Popularity of Direct-Labor Incentives § of }, 
CaS So a It should be noted that direct labor appli 

a) 2 c OM PAN Y incentives, while usually more accurat€ §  incer 
and successful than other incentives, insta 

are more difficult to install. In spite 0 ized, 

410 CAMP STREET ° NEW ORLEANS, LA. this, their popularity is reflected in sur work 





Petroleum Refiner—V ol. 24, No. Il 








work, 


‘odue. 
Staff, 
bs in 
’r de. 
num. 


corre. 
nedul. 
ds, 

nt re. 
litions 
Varia- 


le for 
ts. 
stand. 
vidual 
it and 
plant 
Many 
*rcent 
eS on 
1 


incen- 
spirit 
reme 
-neral 
n for 
con- 
con- 
ically 
Zroup 
> Sev- 
ies of 
tends 
main- 
pro- 
are 
nance 
xroup 
Vhile 
more 
most 
may 
ctivi- 
ns in 


sarily 
1e ef- 
1 de- 
‘men 
Its in 
rease 
wing 
con- 
such 
cord, 
eman 
1 ob- 
S ac- 


iould 
com- 
;, but 
t the 
f the 
n be 
lirect 
lirect 
pical 
ntive 
com- 
them 


tives 
abor 
irate 
‘ives, 
te of 
sur- 


il 





yeys such as one recently made in the 
New York area among 50 factories 
comprising 14,875 employes. This sur- 
yey showed that 56 percent of the fac- 
tories (plants with 6 to 3000 employes) 
installed the direct labor or individual 
employe plan; 26 percent the group 
plan; 14 percent the over-all or plant- 
wide system; and 4 percent the incen- 
tive plan for indirect labor. 

No incentive plan can be regarded as 
a cure-all for all production problems. 
Nevertheless, hundreds of industries, 
including petroleum refineries, are 
greatly benefiting therefrom by a more 
complete utilization of manpower, re- 


sulting in increased production and de- | 
creased costs. At the same time, labor | 


has equally benefited, through greater 
worker productivity, in winning larger 
monetary returns and by other rewards. 
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FIGURE 4 


Results of wage incentive installations in 62 
plants. (Survey findings by Chicago office WPB). 


The almost negligible cost of install- 
ing all such management procedures as 
described may astonish many refinery 
executives. Job evaluation, for example, 
costs little to install. An old refinery, 
where 7000 employes out of 12,000 were 
covered by job evaluation, reports that 
the cost of installation amounted to .5 
percent of the payroll and cost of main- 
taining the system to .1 percent of the 
payroll, such costs including the salaries 
of full-time analysts. 

Performance standards, which form 
the broad basis for any system of direct 
labor incentives, vary considerably in 
cost of installation ad maintenance. If 
time-and-motion studies are carried out 
for all departments in the plant, and if 
careful checkups are made regularly 
throughout the year, the expense is 
higher than otherwise. But, it should be 
noted that results of properly estab- 
lished job evaluation and wage incen- 
tives, together with those of all prelim- 
inary steps, will pay off the initial cost 
in a comparatively short time. 


Conclusions 


The petroleum refining industry has 
been obliged to meet unprecedented de- 
mands. Almost overnight the refinery 
executive has had to transform many 
wasteful management procedures into 
modernized industrial practices to attain 
increased production. The greatest 
hurdle in his path is the shortage of 
trained manpower. A solution of this 
Problem lies in increasing the efficiency 
ot his present labor force through the 
application of job evaluation and wage 
Incentives. With such measures soundly 
installed, important benefits will be real- 
zed, including increased production per 
Worker and reduced unit costs. 
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Seven New Chemicals Have Been Added to 
Hooker's General Products List 











Caustic Soda 
Paradichlorbenzene 
Muriatic Acid 
Chlorine 

Sodium Sulfide 
Sodium Sulfhydrate 


HOOKER 
ELECTROCHEMICAL 
COMPANY 


Buffalo Ave. at Forty-Seventh St. 
Niagara Falls, N. Y. 
New York, N. Y. Tacoma, Wash. 
Wilmington, Calif. 
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What is the boiling range of 
Hooker Monochlorbenzene? 
What is the chlorine content of 
Hooker Sulfur Dichloride? Is 
Lauryl Chloride a liquid or solid 
and what are some of its uses? In 
what size containers is Hooker 
Cyclohexanol shipped? 


This is the type of information you 
will find in the new edition of the 
Hooker General Products List of 
nearly 100 Chemicals. Seven of 
these are new developments making 
their first appearance among the 
other Hooker Products. 

A copy of this new bulletin which 
gives descriptions, principal speci- 
fications, uses and shipping infor- 
mation will save you time and 
trouble in selecting chemicals for 
your requirements. 

When in need of chemicals, make it 
a habit to look at the Hooker Gen- 
eral Products List. In that way you 
can be sure of the uniform high 











quality and purity that have been 
pleasing users for years. Technical 
Data Sheets and samples of products 
in which you are interested will be 
sent on request. Our Technical Staff 
will be glad to assist in the applica- 
tion of chemicals to your particular 
problems. 

Take the first step in getting ac- 
quainted with Hooker by sending 
for this new edition of our General 
Products List. 

Just type your name and “Bulletin 
100” on your letterhead and a copy 
will be sent to you. 


HOOKER 


CHEMICALS 
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| AM extremely grateful for the oppor- 
tunity to talk to you concerning a new 
attitude that is developing in certain sec- 
tions of the American public, and in Con- 
gress, concerning the natural sciences, 
particularly physics, chemistry and elec- 
tricity in all of their ramified forms. This 
may seem like a foreboding topic for a 
general meeting of the Institute, so I has- 
ten to tell you that I am not going to lec- 
ture you in science or research. Rather, I 
am approaching you in your capacities as 
citizens, taxpayers, and industrialists. 
Briefly, something is afoot in the field of 
science and technology which is. being 
generated in government and which can 
affect industry either favorably or un- 
Miavorably, depending on how it is 
handled. 

The crash of the atom bomb at Hiro- 
shima was heard, figuratively, by every 
American and clinched, once and for all, 
the concept that science is an all-pervad- 
ing, all-important factor in our lives. 
Perhaps it was not recognized as such in 
the past, but certainly it is as to the 
future. And as “Boss” Kettering says: 
“We should all be interested in the fu- 
ture, because we shall have to spend the 
rest of our lives there.” 

My talk, however, is largely concerned 
with the immediate past, because by 
looking backward over our course to see 
where we have just come from we may 
glean some idea of where we are headed. 





Research—a Broad Term 


First, let us get together on terms. 
“Research” is a broad word—like faith, 
hope, or charity—and like charity it may 
cover a multitude of sins. Research in 
the national sciences is an inquiry which 
— successful— produces still more 
scientific data. In everyday work we at- 
tempt to distinguish between pure or 
vasic research on the one hand and ap- 
plied research or technology on the 
other. The pure or basic research is di- 
rected toward finding new facts or new 
physical laws without particular regard 
'o where they will fit into the present- 
day state of affairs; whereas, applied re- 
search or technological development is 
directed toward the utilization of scien- 
tific data—usually obtained as the result 
previous basic research—to achieve 
some immediate practical end—to build 
etter mousetraps, to grow better corn, 
or to produce better lubricants. The 
Profit motive is always just around the 
corner, even if the work in done by gov- 
‘ament or in a non-profit institution. 
ossible profit or benefit for someone is 
ped for, even if it is not for the experi- 
mter. It may be for a farmer, it may 
‘Or a small business, or it may be for 

business. 

[AS might be expected, most pure or 

i research is done for the love of it 


















Remarks of BRUCE K. BROWN 


in a non-profit climate and such research 
is usually, therefore, conducted in our 
colleges and universities. Contrarywise, 
until very recently at least, the general 
rule has been that applied research has 
been done mainly in the profit-seeking 
atmosphere of private competitive indus- 
try. Sometimes, no always, the success- 
ful results are patentable inventions. 
Although most of its activities were in 
the general field of agriculture, the fed- 
eral government was moving in on the 
field of applied technology by work 
sponsored by or done by the federal 
bureaus long before World War II. 
Wartime applied research paid for by 
government struck into many fields for- 
merly left for private competitive devel- 
opment and one of the burning questions 
of the day is whether this advance 
should be halted and turned back or 
should be encouraged. 


Research in Petroleum 


The petroleum industry is no stranger 
to applied research, particularly in the 
fields of refining and production. As of 
1938 it was computed to be expending 
about 12 percent of all of the funds ex- 
pended for industrial research in the 
United States and I am sure that its pro- 
portional expenditure .is far greater to- 
day. One reason for this is the increas- 
ingly technical character of our business 
and the vast technological strides we 
have made in the petroleum war-produc- 
tion program. Another reason is that— 
unlike some other industries—ours paid 
its own research bill during the war in- 
stead of relying on Uncle Sam. 

Two things, both of them brewing for 
10 or 15 years and both of them boiling 
over with the termination of the war, 
combine to produce a crisis in research— 
both pure and applied. There is a short- 
age of skilled physicists, chemists, and 
engineers, and there is a shortage of 
funds to train more. But before we go 
into that, let us look at the record of 
recent years. 

For the decade ending in 1940, the 
record of dollars expended is quite com- 
plete and is shown in detail in Dr. Van 
Bush’s report (“Science—The Endless 
Frontier”) to President Truman. Total 
expenditure for scientific research (all 
sponsors, industry, government, _ etc.) 
was 315 millions of dollars and had in- 
creased 215 percent since 1930. Industrial 
research expenditures had doubled. Fed- 
eral and state expenditures had more 
than doubled. But the research dollars 
expended in colleges and universities had 
increased only 50 percent. The fact that 
the schools had not been able to keep 
pace is alarming, because it is on the 
educational institutions that we have re- 
lied for trained personnel for all other 
research and applied technology and in 
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addition, as I have suggested, most pure 
or basic research is conducted in non- 
profit atmospheres such as these. The 
reasons why the colleges and universities 
failed to keep pace were largely eco- 
nomic. A crushing load of personal taxa- 
tion on incomes, estates, and gifts helped 
dry up new bequests and new endow- 
ments. Low interest rates reduced the 
income from existing endowments. 


Funds for War Research 


Now, let us look at the war years. The 
Sub-Committee on War Mobilization of 
the Senate Committee on Military Ar- 
fairs has reported the amount of federal 
funds used in research and development 
in the war years on the basis of question- 
naires answered’ by government agen- 
cies. Totals expended rose from a total 
of 81 million in prewar 1940 to 209 mil- 
lion in 1941, 330 million in 1942, 553 
million in 1943, and 706 million in 1944— 
a total of about 2 billion in the five years. 
Presumably the figures are mathemati- 
cally correct, but there is little doubt but 
that they include dollars expended for 
what is called “experimental production” 
(as in the case of new types of aircraft) 
as well as true research and develop- 
ment, pure and applied. 

Of these funds, 48 percent were ex- 
pended in industrial laboratories—that 
is—in institutions which, prior to the 
war, were financed by competitive 
private enterprise in search of a profit, 
and 12.5 percent or 257 million dollars 
were expended in those same colleges 
and universities which—-prewar—were 
more or less starved for funds for re- 
search. 

There is a great and real significance 
to this last figure. The fact is that these 
war-research assignments sustained and 
increased college and university expendi- 
tures for research. However, the con- 
tinued and expanded financial support 
for research did not build the national 
scientific staff that we need to face the 
postwar world. An unwise selective serv- 
ice policy took care of that. 


Shortage of Scientists 


Dr. Bush’s report estimates that the 
nation is already “short” by 150,000 indi- 
viduals who, had there been no war, 
would have been graduated from a col- 
lege or university with a bachelor’s de- 
gree in science or engineering. His com- 
mittees estimate that even in 1955 we 
shall be “short” almost 17,000 individuals 
who would otherwise have obtained the 
Ph.D. degree or its equivalent. In the 
meantime, the general effect of World 
War II has been to stress the need and 
desirability iri the nation’s interest of an 
accelerated technological development. 
We face that situation with a shortage of 
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Air Used in the Cracking Process for producing 
high octane gasoline is forced through the system with 
the help of blowers such as the Allis-Chalmers unit shown 
above. This multi-stage turbo-blower—motor-driven through 
gears—operates in a large Texas oil refinery, What's more 


Constant Research. in A-C’s own modern labora- 

tories—plus newly developed production techniques— 
now make possible more efficient blower and compressor 
‘equipment. Technician takes spectrograph reading here. 


‘Allis-Chalmers Report:! 
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... A-C is a major supplier of blower equipment for the 4 
entire petroleum industry. Main reason: it is best equipped 
to design, engineer, build entire units to meet specific job 
requirements . . . whether driven by electric motors, gas ot 
steam turbines. 






Large Volumes of air or gas at moderate pressul 
are handled efficiently by compact Allis-Chalmers turbo- 


blowers of single stage type, such as the two shown 
For full facts, call your nearby A-C district office. 





ALLIS@>CHALMERS 


isto U.S. Oil Refiners’ 


«« When You Specify A-C Equipment for 
Your Operations, You Order Wartime Production 
Experience, Peacetime Product Planning! 


In the Field—Allis-Chalmers engineering provides 
practical experience and equipment which oil men have 
learned to rely upon, From power generating turbines to 
heavy-duty pipeline pumps, A-C’s products for the oil in- 
dustry include a complete line of motors and electrical con- 


5 All Types of pumps are designed and built by Allis- 

Chalmers for many stages of petroleum operations — 
production, refinery, pipeline or terminal. This explosion- 
proof Electrifugal unit pumps gasoline at a western refinery. 


trols, Texrope V-belts, sheaves, condensers, load center unit 
substations, pumps, Before shipment, all A-C equipment 
undergoes rugged tests making sure of top-flight perform- 
ance in customers’ plants. Above, a 1000 hp A-C induction 
motor is given a back-to-back heat run test. 








6 Your Unit Substation can now be planned visually, 
easily, accurately with the help of A-C’s new “Unit Sub 
Builder” Set. For full facts, call your A-C office, or write, 


ALLIs-CHALMERS, MILWAUKEE 1, WIs. ppm 


























present technical personnel and a short- 
age of means to train more. 

A survey conducted under the auspices 
of the National Research Council has in- 
dicated a desire on the part of industry, 
large and small, approximately to double 
their research and development activities 
—that is— to double them as contrasted 
with their wartime peak. This cannot be 
done unless adequate technically trained 
personnel is available. 

So much for the general situation. 
Now let us take a look at the remedies 
proposed. Generally speaking, the sug- 
gested remedies originated in two quite 
separate sources; namely, in the Senate 
and in the Office of Scientific Research 
and Development which was established 
by executive order and which carried 
the main burden of war research spon- 
sored by government. It would be hope- 
less to attempt to draw together all of 
the threads within the time alloted. 
Nevertheless, some rough outline is es- 
sential to this story and I shall attempt 
to give it fairly, if not explicitly. 

First, as to the Senate—its Committee 
on Military Affairs created a “Sub- 
Committee on War Mobilization” headed 
by Senator Harley Kilgore of West Vir- 
ginia. It has held many hearings. In the 
early days of the war, bills were intro- 
duced under the sponsorship of some of 
its members to organize the scientific 
personnel of the nation for total war. 
Without going into the merits of the 
proposed legislation (now withdrawn) I 
can inform you that some of these pro- 
posals aroused the indignation and dis- 
may of many scientists and engineers. 
The proposals were challenged as de- 
manding a degree of regimentation un- 
necessary and harmful even during 
global war. 

In the meantime, the Office .of Scien- 
tific Research and Development was say- 
ing nothing and sawing wood. Headed 
by Dr. Bush and a distinguished staff of 
scientists and engineers, selected on a 
non-political basis for the business at 
hand, it was developing radar, “ducks,” 
the atomic bomb, atabrin, penicillin, 
DDT, and a variety of other munitions 
of war and implements of war. 


Government Ownership of Patents 


Before attempting to draw these two 
threads together there is a third strand 
which I should mention and it relates to 
patents. Several of the senators investi- 
gating the war production program and 
noting the tremendous sums expended 
by agencies of government in research 
and development contracts let to others 
conceived the idea that all patents re- 
sulting from the researches should be- 
long to the federal government. The idea 
is an attractive one and, at first glance, 
it appears logical. Take, for example, the 
case of radar. If—and I merely say if be- 
cause I do not have the facts—if radar 
was developed with federal funds, why 
should not the federal government de- 
mand title to all of the patents obtained 
as the result of the development? 

There are numerous answers to that 
question. They are sound answers. The 
simplest one is this. If we are to have 
competitive industry we must have com- 
petitive advantages. In other words, 
there must be a basis of competition. If 
the war had lasted 10 or 15 years (as 
many predicted it would) and if govern- 
ment had paid for all research in elec- 
tronics and radar during that period, the 
result would have been an elimination of 
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all technical competition in radar not 
only during the war but also during the 
immediate postwar era. The laboratories 
of private industry, nurtured during the 
war by a cost or cost-plus payment for 
research, would have sold their birth- 
rights. Competition would have been for- 
gotten. The need for competition would 
have been eliminated at least tempo- 
rarily. Some government official would 
be dictating (under patent license) the 
number and sizes of equipment to be 
manufactured for civilian use. 

Returning now to the main course of 
events, the Senate—through its sub- 
committee—held many hearings on the 
technological state of the nation and the 
necessity of Congress intervening in the 
interests of science. But in the fall of 
1944, President Roosevelt wrote to Dr. 
Bush, asking him four questions which I 
shall paraphrase as follows: 

1. What can be done to make avail- 
able for peacetime use the secret war- 
time developments of science? 

2. What can be done to aid against the 
war on disease? 

3. What can be done by government, 
now and in the future, to aid in research 
activities by public and private organiza- 
tions? and 

4. How can we train the scientific tal- 
ent necessary to our national well-being? 

Dr. Bush appointed about 200 dis- 
tinguished men to help him answer these 
questions. Were I in an audience of edu- 
cators I would mention the distinguished 
professors who helped him. And so with 
scientists. But since I am addressing a 
group of business men, let me tell you 
that Dr. Bush’s committee included 
Oliver Buckley of Bell Telephone Lab- 


- oratories, Lawlor Burdick of Du Pont, 


Bradley Dewey (ex rubber director) of 
Dewey & Almy, E. H. Land of Polaroid, 
and Robert E. Wilson of Standard (In- 
diana). The other groups were just as 
distinguished. 

Although anyone is welcome to a def- 
ferent opinion, I am convinced that the 
impelling motive back of President 
Roosevelt’s request to Dr. Bush was a 
desire to determine what the really top 
scientists, engineers, and industrialists 
would have to say about a topic which 
had been discussed, almost ad nauseum, 
by numerous individuals, not all so well 
qualified, who had appeared before the 
Senate sub-committee. 


Dr. Bush’s Report 


In any event, Dr. Bush’s committees 
met, cogitated, and gave forth with 183 
pages of report which has been widely 
circulated. Boiled down to a greater ex- 
tent than really is justified, Dr. Bush’s 
report, which was based on substantial 
unanimity on the part of his advisers, 
makes the following points: 

1. The military and economic security 
of the nation is based on science; 

2. There is a shortage of scientific per- 
sonnel; 

3. The training of personnel and the 
doing of basic research in colleges and 
universities should be supported; 

4. Federal funds are needed to aug- 
ment collegiate income; 

5. The greatest single support that the 
federal government can give to science 
is to help train its workers by supplying 
funds for scholarships and fellowships; 

6. Medical research (particularly the 
war on malaria) should be continued; 

7. Research on military matters should 
be continued; 


8. Technical information acquired dup. 
ing the war should be widely dissemp 
nated; =A 

9. A non-partisan, non-political board 
of scientists should be established to dig 
burse funds for these purposes, this 
stitution to be known as the Natic 
Research Foundation; 3 

10. Patents should play only a 
role, since basic research and the t 
ing of scientific personnel are the p 
to be stressed. In so far as patents 
be involved, the National Res 
Foundation should be left free to ad 
ister the problem in its best judgmen 

Senator Magnuson of Washington 
troduced a bill to implement Dr. B 
recommendations. Four days later 
Senate sub-committee published a 
viously prepared report covering 
ideas of a national scientific policy a 
Senator Kilgore, joined by Johnson 
Colorado and Pepper of Florida, ints 
duced what might be called a “com 
ing” bill to establish a National Scienge 
Foundation. by 

There are two principal differences be 
tween the bills; one relates to the 
of board which will administer fed 
funds to advance science, and the other 
relates to the handling of such patentsa 
may be obtained as the result of fe 
searches conducted with federal funds 
These two points and others have been 
vigorously discussed in Senate commit 
tee rooms during the past few weeks tr 
der the joint auspices of two sub-com 
mittees. Senator Magnuson heads oneot 
these committees and Senator Kilgore 
the other. Between them they are trying 
to frame a final bill which will meet the 
views of Senator Magnuson, Dr. Bush 
and his associates on the one hand, and 
Senator Kilgore and his advisers on the 
other. 

In the time remaining I shall attempt 
to describe the issues to you and outline 
the positions taken by some of the wit 
nesses. 


Personnel of Research Board 


First, what sort of people should be 
relied upon to set policies and supervise 
the distribution of 25 to 125 millions of 
dollars a year to effectuate the purposes 
recommended by Dr. Bush and generally 
concurred in by the Senate sub-commit- 
tee. Should it be made up of expert 
scientists, or of governmental officials, 
or both? Before we answer that ques 
tion, let us take a look at the OSRD 
which gave us many new weapons ané 
implements of war. It spent a third ofa 
billion dollars of our money and the re 
sults were noteworthy. It was headed by 
Dr. Bush and‘its committees were com- 
posed (aside from a few military mem 
bers) of scientists chosen because they 
were the best qualified scientists avail 
able. They did an amazing job. While 
they worked at a desperate rate, they 
were still “part-time” in the sense that 
they had and were permitted to retail 
other business or professional connec 
tions. 

Many of you are acquainted with th 
“NACA” or National Advisory Coit 
mittee for Aeronautics. It has been mr 
ning for years, expended almost a hit 
dred million dollars of our money d 
the war years, and the results were & 
cellent. This committee, too, is ¢ 
posed . f individuals selected on the Ms 
of what they can do to, advance 
science of aeronautics. Many of thema@t 
government servants, but some are 
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BOILER GASKETS--. 





Standard Equipment ~ 
with Leading Boiler Makers 


Goetze Boiler Gaskets for handhole, manhole and 
tube caps are most inexpensive, highly efficient 
gaskets. They are used as standard i, “ by 
leading boiler makers and are the outstanding pref- 
erence of boiler operators. Type J Single-Jacketed, 
Metal-Asbestos Gaskets are available in a choice of 
metals — steel, copper, Monel, etc., for handholes 
and tube caps. 


Goetze Type 4-Y Spiralwound — an improved 
Metal-Asbestos Gasket composed of interlocking 
plies of | pes me metal, cushioned with asbestos 
strip and spirally wound, possesses unusual resili- 
ence — makes and maintains a perfect seal, even on 
badly-warped or — surfaces. This type is re- 
markably strong, highly resistant to corrosion and 
temperature, may be reused a number of times. 








Made in plain or zinc coated cold-rolled low carbon 
steel and 18-8 Stainless Steel in round, oval or 
irregular shapes for manholes, handholes and 
tube caps. 


Ask to- have your name added to the list of AY GOETZE GASKET & PACKING CO., INC. 
engineers receiving “The Gasket” —a series LS 8 ALLEN AVENUE, NEW BRUNSWICK, N. J. 


of technical bulletins containifig original WN Boston New York Philadelphia Pittsburgh 
gasket data emanating from the Goetze Re- ®MAAA Cincinnati Cleveland Detroit 
_— Laboratory. Write on your company QO Houston San Francisco Chicago 
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All of them serve this agency on a part- 
time basis. 

In passing, we might bow to the PAW 
which has been widely acclaimed as the 
best civilian war agency. Possibly that 
was because it was staffed with experts 
in oil—people of experience in the field 
in which they were working. 

Certainly it is not surprising that Dr. 
Bush and his associates recommended 
that the research agency be made up of 
citizens selected only on .“the basis of 
their interest in and capacity to promote 
the work” and that “they should be per- 
sons of broad interest in and understand- 
ing of the peculiarities of scientific re- 
search and education”; and that the full- 
time chief executive of the foundation 
should be selected by and should be re- 
sponsible to the board. 

Then the fight started! 

The Kilgore bill provides for a power- 
ful director appointed by the President 
and a board that is “advisory.” The 
board members, also appointed by the 
President, shall consist one half of “pub- 
lic members” and one half of heads of 
such government agencies as the Presi- 
dent may determine. 

The heads of the old-time government 
agencies which receive and disburse fed- 
eral funds in the scientific field (mostly 
in the field of applied research) were 
none too happy about the idea of a 
National Scientific Foundation in the 
first place. They feared, with some rea- 
son, that it might become a pet of Con- 
gress and used by Congressional com- 
mittees as an excuse for cutting the 
appropriations for research within the 
bureaus. Further. there was always the 
horrid possibility that the foundation 
would try to direct some of the scientific 
activities within the bureaus. I suspect that 
there is a little of the old philosophy of— 
“If you can’t fight ’em, join ’em” in their 
expressed opinions as to the type of 
board that should be chosen. 

In any event, the testimony for the 
Magnuson-Bush type of board and the 
testimony for the Kilgore type of board 
split on an interesting basis. Naturally 
enough, those scientists, educators, and 
industrialists who had worked with Dr. 
Bush on his plan favored that plan. Mili- 
tary witnesses generally favored it, prob- 
ably because they had learned, through 
the activities of OSRD and NACA what 
an expert group could do when turned 
loose on a job. Incidentally, AFofL also 
sided with Bush on this point. 


Officials Would Control 


But Washington officialdom turned 
out in some force on the other side. 
Some cabinet officers —including my 
favorite one—argued that part-time serv- 
ice of citizens was not reliable and that 
the responsibility (and the job of ex- 
pending the money) should be left 
mainly in recognized full-time public 
servants. They proposed, in effect, that 
the professors and doctors should return 
to their ivory towers and let somebody 
run the thing who knew how. The CIO 
supported their position. The director of 
the Bureau of the Budget explained that 
the executive director and advisory 
board was the soundest method of ad- 
ministration. Maury Maverick of Smaller 
War Plants Corporation took the 
scientists to task for even suggesting 
that the regular Washington type of “ad- 
ministrator” was not fit for the task at 
hand. There was much colloquy as to 
just which government agencies should 
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be represented on the board and some of 
the military witnesses who were agree- 
able in principle to a board of experts— 
as in OSRD—were enticed into wanting 
membership on the board for their par- 
ticular branches of the service. 

And so the battle goes. The bureau- 
crats carry the most weight in spite of 
the fact that the scientists have.a fine 
wartime record to enforce the unim- 
peachable logic on their side. 


What Research? 


Another interesting feature of the 
Senate hearings was the discussion of 
what sort of research should be spon- 
sored. There is, of course, practical 
unanimity on military research, and 
medical research—even though such pro- 
grams would touch the field of applied 
research—and on basic scientific re- 
search and education. But there are some 
interesting overlaps. For example, a 
farm organization endorsed the plan, but 
only on condition that one express re- 
search assignment be the improvement 
of family-type farming. Someone tossed 
the so-called “social sciences” into the 
hopper. Admitting the supreme impor- 
tance of that field, it seems pretty obvi- 
ous that whatever, if anything, is done 
should not be administered by a board 
competent to handle chemistry, physics, 
and engineering. I have wondered 
whether the social science idea was im- 
ported (1) to please some new group, 
(2) to kill the whole idea, or (3) to sup- 
port the idea of a board made up of such 
individuals as the Federal Security Ad- 
ministrator, the Secretaries of Commerce 
and Interior, et al. 

Dr. Bush and his associates feel that 
the foundation should leave the field of 
applied technology where it now is; i.e., 
in private enterprise. Senator Kilgore’s 
remarks during the hearings indicate 
that he, too, feels the same way. How- 
ever, representatives of some of the gov- 
ernment bureaus apparently feel differ- 
ently because some of their most impor- 
tant arguments for a National Research 
Foundation are that it should aid little 
business by acting as a sort of national 
research department; by developing 
gadgets, patenting them, and turning 
over free licenses to all businesses. 

Generally it is applied research rather 
than basic research which results in 
patentable inventions, so that whatever 
question may exist concerning the dis- 
posal of patents resulting from research 
financed by the proposed foundation 
should become important only to the ex- 
tent that the research effort invades 
fields previously left to private competi- 
tive enterprises. 

The Magnuson (Bush) bill accepts the 
patent situation as it finds it and leaves 
the foundation free to arrange an equita- 
ble plan with each contractor who con- 
ducts research under its auspices. Should 
it place a contract for the execution-of a 
particular piece of research with a con- 
sulting laboratory or the research de- 
partment of a corporation it would—as 
it should—cut the patent contract to fit. 
If the field of investigation is narrow 
enough or the contract price is substan- 
tial enough, it might demand that all 
patent rights be dedicated, in entirety, to 
the United States. However, in the more 
usual case the foundation would leave 
the patent ownership with the contrac- 
tor and require only a license on the 
behalf of government—a license to 
“make, or have made, and use.” The 


patent policy I have outlined is, rough 
the prewar policy of the armed seryi 
and the wartime policy of the War 
Navy Departments and of the OSR 
During the Senate hearings the cont 
ing officers for Army and Navy testif 
that this general policy has worked sai 
isfactorily and that, in their opinion, 
public interest has been safeguarded. D 
Bush testified concerning the OSRP 
patent policy. 3 

And so the battle goes, with strong 
wills on both sides. If the federal gow 
ernment wishes to recast its whole pap 
ent policy it has a lot to do. In some 
agencies full-time federal research em. 
ployes are required to assign all of ther 
patentable inventions and in others they 
retain some part of the rights. In some 
bureaus the policy is well established 
that all patents should be dedicated 
the free use of all of the public and ip 
other bureaus there is at least an ee 
pressed desire to control the terms upon 
which business may use some govern 
ment-owned patents. 

One thing is certain; namely, that # 
all patent policy’in all branches of the 
government is to be modified or codified, 
it had better be done directly by special 
legislation rather than as a rider ona 
bill that covers something as important 
to national welfare as Dr. Bush’s pro- 
posal. Most of his supporters deplore the 
emphasis given to patents because they 
feel, quite sincerely, that the real need 
is the nurturing of basic research and 
scientific education and in such a cit- 
cumstance patents are relatively unim- 
portant. 

Basic science cannot be nurtured with- 
out subsidizing universities and colleges 
and a legal demand that they (the uni- 
versities and colleges) turn over any pat- 
entable inventions they happen to evolve 
in a program for which they receive 
some federal subsidy is certainly a de- 
mand that the tail wag the dog. Some 
universities have been criticized for their 
handling of patents, but surely not all 
of them are bad and surely there need 
not be a federal law to police them. 

Our war-production program produced 
amazing results, but there were many 
obstacles to be overcome and the smooth 
working together of the armed services, 
the federal government, and private in- 
dustry was not achieved without pain 
and sacrifice. Should there be another 
war, which God forbid, I can imagine 
no more effective road block between 
industry and the armed services than am 
arbitrary provision concerning patent 
ownership. For example, if an engine 
builder adapting his product to military 
use by further development made ™ 
whole or in part with funds supplied by 
the air forces was required to turn ovef 
the patents or free licenses thereunder 
for all purposes tovall other competitors, 
present and potential, he might as wel 
have his business taken over by govert- 
ment, lock, stock, and barrel, in the first 
place. 


Part of Refinery 
Price Controls Off 


Elimination October 27 of price com 
trols on refiner-to-refiner sales of 4 
products except natural gasoline wa 
announced by the Office of Price A 
ministration. 

Officials explained that action wé 
in line with OPA’s policy of freeing 
dustry from price ceilings “where com 
patible with the stabilization objective 
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IGHTER-THAN-AIR aircraft are an impor- 
tant arm of the American Navy. Enemy 
countries have no equivalent, because ours are 
filled with helium, while theirs must use danger- 
ous inflammable hydrogen. Ours is the only coun- 
try where helium occurs in quantity. Mixed with 
other gases, it flows from certain wells in the oil 
and gas region of the Southwest. 
The illustration at the left shows aco Heat 
Exchangers in the plant where this precious 


* Bhelium is separated and purified. Thousands of 


other aco Heat Exchangers, and many ALco-built 
Pressure Vessels, together with much Atco Pre- 


* 
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fabricated Piping, are in many other notable plants 
—aviation gasoline plants, synthetic rubber plants, 
chemical plants, power plants. ALCoQ equipment 
of this type is the dependable product of thorough 
knowledge, long experience, highly specialized 
manufacturing skill and facilities. We invite your 
inquiry regarding any requirements in this line. 


American Locomotive 


ALCO PRODUCTS DIVISION 


30 Church Street, New York 8, N. Y. 
Plant: Dunkirk, N. Y. 














Formutation of a national oil policy, continued cooperative effort to assure 


ample military oil supplies, preservation of free enterprise, better public relations, 
the influence of atomic energy on petroleum, and praise for the industry’s war con- 
tributions were stressed by speakers who appeared before general sessions of the 
twenty-fifth annual meeting of American Petroleum Institute at Chicago, Novem- 


ber 13-15. 


Secretary of the Interior Harold L. Ickes reviewed the Anglo-American petro- 
leum pact, thought its ratification by the United States Senate would be a step in 
the right direction, and then outlined his idea of what America’s oil policy should be. 

Deputy Administrator Ralph K. Davies’ address cited the necessity of continued 
cooperative effort by oil companies and the need of maintaining governmental 
organization at an efficient peak. He praised the industry for keeping its pledge 
“to go along the cooperative route.” The same skill and intelligence that made a 
success of petroleum’s war effort should now be applied to the industry’s postwar 
problems, he said. Competent and well organized government and industry, one 


complementing the other, are needed. 


William R. Boyd, in the president’s address, reviewed progress of the industry 
over the 26 years the institute has been in existence, then analyzed development of 
the war period as the basis for its future program from his viewpoint. He reviewed 
conditions under which the institute was founded, telling how in 1920 and 1921, the 
late Tom O’Donnell, first president, preached only three goals—cooperation, con- 
servation and preservation of a free economy. Only by achieving some measure of 
success in these three fields, he contends, could the industry be of its greatest 


service to humanity. 


Oil industry fears that atomic energy 
might soon displace petroleum as a 
source of energy were allayed by Dr. 
Clark Goodman, Massachusetts Institute 
of Technology. While admitting this 
change seems inevitable, he said it will 
not be rapid. Few of us will live to drive 
atomic automobiles or fly jet planes 
powered by nuclear energy. When this 
time arrives, there will still be a petro- 
leum industry, but it may have changed 
remarkably. Instead of petroleum being 
primarily used for fuel, it will be the 
raw material for all kinds of organic 
substances. (Full text, page 101.) 

Virgil Jordan, president of the Na- 
tional Industrial Conference Board, 


spoke on “The Frame of America’s Fu- 
ture,” presenting his estimate of the in- 
fluence of atomic energy on all phases 
of living. 

What has happened, he pointed out, is 
not merely or mainly that in release of 
atomic energy the world has found a 
new source of power, but it indicates 
that our “age of electronic alchemy can 
make anything—materials, machines and 
energy—out of anything or almost noth- 
ing, anywhere, in any amount at rapidly 
diminishing cost in terms of time and 
labor.” 

We have reached a crisis in research, 
both pure and applied, warned Bruce 
K. Brown, vice president of Standard 


Reconversion Problems Discussed by 
California Natural Gasoline Association 


California Natural Gasoline Associa- 
tion had problems of reconversion under 
discussion at its 20th annual meeting at 
Los Angeles, October 12. In addition 
to a record attendance of members, a 
delegation from the Natural Gasoline 
Association of America was present. 

M. L. Arnold, president of the asso- 
ciation, advocating greater cooperation 
between the producing, natural-gas and 
gasoline, and refining divisions, said this 
best can be accomplished by bringing 
about a better understanding of the 
problems of each division, and particu- 
larly problems common to two or more 
divisions. 

E. W. McAllister, chief engineer for 
Western Gulf Oil Company, spoke on 
“Application of Laboratory Data on 
Phase Behavior to Evaluation of Con- 
densate Reserves.” While retrograde 
condensation has been recognized in 
laboratory work for many years, he said, 
there still is considerable lack of the 
specific information required to properly 
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estimate the products which would be 
recovered from a condensate pool pro- 
duced by straight pressure depletion. 

M. M. Perkins, process engineer with 
The M. W. Kellogg Company, in dis- 
cussing “Utilization of Propane and Bu- 
tane for Motor Gasoline Manufacture,” 
reviewed the processes available for con- 
verting propane and butane into motor 
fuel and the evident worth of these 
products when used as feed stocks for 
these processes. 

D. F. Parker, consulting engineer, pre- 
sented an informal review of the techni- 
cal and economic factors in converting 
aviation gasoline plants to peacetime 
use. (See page 117.) 

Fred Hartley, Union Oil Company, 
discussed processing methods used by 
that company during the war years. 

H. A. Gehres, vice president of The 
Cooper-Bessemer Corporation, spoke on 
design of cylinders for high-pressure gas 
compression, pointing out that use of 
higher pressures is increasing. 
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THE WonTH IN THE INDUSTRY|: 


Oil Company (Indiana) and this “can 
affect industry either favorably or un. 
favorably, depending on how it is han- 
dled.” Two things, both of them breyw- 
ing for 10 or 15 years and both of them 
boiling over with the termination of the 
war, combine to produce this crisis, 
“There is a shortage,” he continued, “of 
skilled physicists, chemists and engi- 
neers, and there is a shortage of funds 
to train more.” (Full text, page 181.) 

C. R. Smith, American Airlines, Inc, 
in a talk on “The Relationship Between 
Rail and Air Transportation,” said the 
airplane is no competitor for the boxcar 
in the heavy freight business and there 
is no present evidence that it will ever 
be. However, he thought the airplane 
will compete with the train for trans- 
portation of long-distance passengers, 
mail and light cargo. 

Praise for the part the industry played 
in the war came from ranking military 
men. On the program were: Lieutenant 
General James H. Doolittle, Lieutenant 
General Raymond S. McClain, and Vice 
Admiral Ben Moreell. Not only did these 
officers discuss the importance of petro- 
leum as a fuel, the vast amounts used, 
but the assistance derived from the in- 
dustry in building pipe lines and fueling 
stations. All warned of the necessity of 
assuring adequate future petroleum sup- 
plies, and urged the industry to continue 
its effort to discover new sources ol 
supply and continue research efforts. 

Attendance at the API meeting was 
around 2700, about the figure for a 
normal meeting, and surprisingly good 
considering travel and hotel conditions. 

The Division of Refining held two 
group sessions at which the theme was 
research and technology, with a for- 
ward-looking survey of postwar prob- 
blems. (More below.) 

; * * * 

The refinery labor situation remained 
static during the month. Neither side 
seems to have an advantage in the plants 
being operated under “token’”’ direction 
of the Navy. The movement toward or 
ganization of unaffiliated unions by 
workers in refineries in the Port Arthur- 
Beaumont area was reported as making 
progress. President Truman's pro 
nouncements in his radio talk on the 
labor question seems to have had no 
repercussions as regards workers in the 
oil industry. The management-labor cor- 
ference, which to most observers has 
revealed nothing more than John 
Lewis as the strong man, had a rep 
resentative each from the oil and oi: 
equipment industries in attendance, but 
so far both James Tanham, vice preést 
dent of The Texas Company, and Noah 
Dietrich, executive vice president @ 
Hughes Tool Company, have not beet 
quoted in reports of the deliberations 

Elsewhere in Washington, PIWC has 
quit (see below) and PAW is in the find 
stages of liquidation. , 

Senate hearings on disposition of wa 
facilities seemed to be getting nowhert 
fast, most of the testimony _ being 
couched in platitudes, and _ little cal 
culated to be of service in deciding # 
economic problem that is going to 
decided politically anyway. Biggest prob- 
lem is disposing of the “Big-Inch” 
lines. No suggestion for their econom! 
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use has been advanced except that they 
be converted to natural gas. Opposition 
to that has been organized at both ends 
—those who do not want gas piped from 
the Southwest, and coal, rail and labor 
interests who do not want it in the East. 

Federal Power Commission continues 
its hearings on natural gas, and at New 
Orleans served as a sounding board for 
politicians whose hearts bleed for pos- 
terity, and who found themselves crossed 
up when some of their voting constitu- 
ents came forward with pronouncements 
they would like their royalties now. The 
principal hearing yet to be held in the 
producing areas is scheduled for Hous- 
ton on January 28, at which time the 
Independent Natural Gas Association 
will hold its convention in the same city. 














Refining Group Reviews 
Progress, Looks Forward 


The Division of Refining held two 
group sessions during the annual meet- 
ing of the American Petroleum Institute 
at Chicago, both of which heard papers 
reviewing progress in research and tech- 
nology during the war period and took 
glimpses of what is to be expected to 
follow these achievements. 

P. J. Harrington, B. L. Bragg III and 
C.O. Rhys, Jr., of Standard Oil Devel- 
opment Company, collaborated in pre- 
senting a description of the engineering 
research their company devoted toward 
the improvement of refinery process unit 
operation equipment. They told how 
relatively minor changes in the internal 
structures of towers increased through- 
puts by from 30 to 60 percent while 
preserving excellent separating efficiency, 
while lightends fractionators for butane 
were stepped up more than 100 percent 
with 100 percent plate efficiency. The 
authors recommended extended continu- 
ation of the war-born research problem 
as a means of providing ready adaptation 
of existing equipment to the refining 
problems of tomorrow. (This paper ts 
scheduled to be presented in full in Petro- 
LeuM Rertner for December.) 

The story of the technical oil mission 
(to Europe) was told in detail by A. E. 
Miller of Sinclair Refining Company. 
Work of the mission abroad consisted of 
studying wreckage of German plants as 
they became available with the Army’s 
advance, with especial attention to such 
documentary evidence as was discov- 
ered. Microfilms, photostats, and in some 
cases, wire recordings were used to 
transmit this information to Washing- 
ton and London. The material now is 
destined for deposition in the Library 
of Congress where it will be available to 
the oil industry generally. 

Supplementing the talk by Miller on 
the technical oil mission, its work was 
outlined, from the standpoint of results, 
by W. C. Schroeder, of the Bureau of 
Mines. 

Colonel Donald L. Putt, of the Army 
Air Forces, gave high credit to the re- 
fneries for the manner in which Army 
needs for fuel were met under a con- 
stantly augmenting schedule of highly 
Specialized products. He inferred that 
the present peace was of indeterminate 
duration, and that future air wars not 
only should be anticipated, but prepared 
or. In line with this preparation, studies 
on various types of fuels for jet, turbine 
and rocket propulsion were reviewed and 
the trend of such products linked with 
refinery development. 
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American Petroleum Institute Executive 
Setup Revised; Will Enlarge Activities 


Activities of the American Petroleum 
Institute were revised and enlarged by 
action of its board of directors during 
the twenty-fifth annual meeting in Chi- 
cago. The board also approved the 
Anglo-American oil agreement, adopted 
a resolution in opposition to any taxa- 
tion on the use of inland waterways, and 
authorized further study of the scope 
of a public-relations program. 

Headquarters will remain New York, 
with provision for an adequate Wash- 
ington office, and elsewhere if deemed 
necessary. 

A new division—transportation—was 
added. All transportation activities are 
to be consolidated in this divison, which 
will have offices in Washington. A new 
office was created, vice president for 
transportation. 

Executive control of the institute was 
transferred from the executive commit- 
tee to the president. 

The president is authorized to hire an 
assistant whenever he desires: and create 
a foreign department whenever suitable 
conditions prevail. 

Public-relations activities will be en- 
larged by formulating, adopting and 
carrying out a specific and comprehen- 
sive program. 

The directors also passed a resolu- 
tion asking that the petroleum and nat- 
ural gas division of the Bureau of 
Mines be expanded so as to conduct and 
correlate continued basic research in the 
conservation and beter utilization of 
these reserves. 

The next annual meeting of the Insti- 
tute will be held in the Stevens Hotel, 
Chicago, November 11 through 14, 1946. 
Along with selecting this date the execu- 
tive committee suggested that a study 
be made as to the advisability of holding 
a midyear meeting next May in some 
Texas city. 

Officials of the Institute elected No- 





K. G. MacKenzie, The Texas Com- 
pany, described the tests and outlined 
the results obtained by Army Ordnance 
in research and development work on 
the testing of fuels and lubricants under 
both winter and desert conditions. The 
peacetime work of the Coordinating Re- 
search Council, together with a sum- 
mary of work accomplished since its 
formation in 1941 were covered briefly, 
with emphasis on the development of 
hydraulic fluids which would function 
perfectly at temperatures far below zero 
and with the development of equipment 
for testing the anti-knock properties of 
fuel under actual flight conditions. 

Other papers read (all of which are 
printed in full in this issue) included: 

“High-Capacity Operation of Fluid 
Cracking Units,” E. V. Murphree, E. J. 
Gohr, H. Z. Martin, H. J. Ogorzaly and 
C. W. Tyson, Standard Oil Develop- 
ment Company (page 97). 

“Liquid-Charge Technique in TCC 
Processing,” T. P. Simpson and S. C. 
Eastwood, Socony-Vacuum Oil Com- 
pany, and H. G. Shimp, Houdry Process 
Corporation (page 110). 

“Peacetime Fuel Oils from War 
Equipment,” Arthur E. Pew, Jr., J. 
Bennett Hill and John R. Bates, Sun 
Oil Company (page 124). 


Company Publication 


vember 15, include William R. Boyd, Jr., 
president; George A. Hill, Jr., Houston 
Oil Company, vice president for produc- 
tion; J. Howard Pew, Sun Oil Company, 
vice president for refining; Eric V. 
Weber, Eureka Oil Company, vice presi- 
dent for marketing; B. Brewster Jen- 
nings, Socony-Vacuum Oil es AE 
vice president for transportation; O. D. 
Donnell, The Ohio Oil Company, treas- 
urer; Lacey Walker, secretary and as- 
sistant treasurer. The only change was 
the addition of Jennings. 


Executive Committee 


The new executive committee is Wil- 
liam R. Boyd, Jr., Paul G. Blazer, Ashland 
Refining Company; R. H. Cooley, The 
Atlantic Refining Company; D. D. Col- 
lier, Standard Oil Company of Califor- 
nia; Henry M. Dawes, The Pure Oil 
Company; J. Frank Drake, Gulf Oil 
Corporation; Jake L. Hamon, Cox & 
Hamon; Eugene Holman, Standard Oil 
Company (New Jersey); William F. 
Humphrey, Tide Water Associated Oil 
Company; A. Jacobsen, Amerada Petro- 
leum Corporation; W. A. Jones, Cities 
Service Oil Company; John M. Lovejoy, 
Seaboard Oil Company; N. C. Me- 
Gowen, United. Gas Company; A. C. 
Mattei, Honolulu Oil Company; B. L. 
Majewski, Deep Rock Oil Corporation; 
Dan Moran, Continental Oil Company; 
Frank Phillips, Phillips Petroleum Com- 
pany; Charles F. Roeser, Roeser-Pen- 
dleton; W. S. S. Rodgers, The Texas 
Company; H. F. Sinclair, Sinclair Oil 
Company; W. G. Skelly, Skelly Oil 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research Foun- 
dation, 33rd, Federal and Dearborn 
Streets, Chicago 16, Illinois, has re- 
ceived urgent requests for the chem- 
icals listed below. If anyone has one 
or more, even if only one gram 
quantities, please inform the Reg- 
istry. 
3-Methyl hexanoic acid 
Isopropyl cyclohexane 
— anthraquinone-1-carboxylic 

aci 
Anthraquinone beta carboxylic acid 
Vinyl cyclopropane 
Cyclohexene oxide 
l- or 2-Methyl thiophene 
Tiglic acid 
Mesaconic acid 
Isocrotonic acid 
Allocinnamic acid 
Angelic acid 
cis Aconitic acid 
Hexanone-3 
Acrylic anhydride 
Tridecyl aldehyde 
Pentadecyl aldehyde 
Alpha or beta Decahydronaphthol 
Alpha and beta Chlorostearic acid 
Alpha and beta Chlorolauric acid 
Methy! propyl benzenes 
Diethyl cyclopentanes 
Methyl ethyl benzenes 
Dimethyl ethyl benzenes 
Methyl propyl benzenes 
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Company; Reese H. Taylor, Union Oil 
Company; R. G. A. Van Der Woude, 
Shell Oil Company; Robert E. Wilson, 
Standard Oil Company (Indiana); Ralph 
T. Zook, Sloan & Zook. 

Fifty-six members were elected to the 
board of directors during the conven- 
tion. Most incumbents whose terms exs 
pired were elected. The new members: 

G. Violette, Standard Oil Com- 
pany of Kentucky, who will fill the 
vacancy of W. E. Smith in the market- 
ing group for the eastern area. 

A. W. McKinney, The National, Sup- 
ply Company; A. B. Judd, Republic 
Supply Company; and J. L. Shakley, 
Jones and Laughlin Supply Company, 
were elected to the board’s supply 
group. These succeeded Ferd Spang, 
Spang & Company; Guy Tompson, 
Bethlehem Supply Company; and A. E. 
Walker, The National Supply Company. 

J. French Robinson, East Ohio Gas 
Company, was elected to succeed J. D. 
Creveling, Chicago, as a representative 
of the natural-gas group. 

New members elected to the at-large- 
group of directors were B. A. Hardey, 
Independent Petroleum Association; and 
Ralph Zook, Sloan & Zook. 

Three new directors to the at-large- 
group elected by the board were W. F. 
Clinger, Pennsylvania Grade Crude Oil 
Association; O. D. Donnell, The Ohio 
Oil Company, and John R. Suman, 
Standard Oil Company (New Jersey). 





General Committee API 
Division of Refining 


The following were selected during 
the annual meeting of the American Pe- 
troleum Institute at Chicago, to serve 
as the general committee of the Division 
of Refining: 

Howard Pew, Sun Oil Company, 
Philadelphia, chairman; Paul G. Blazer, 


Ashland Oil & Refining Company, Ash- 
land, Kentucky; Reid Brazell,’ Leonard 
Refineries, Alma, Michigan; W. F. Burt, 
Socony-Vacuum Oil Company, New 
York; H. S. Chase, Tide Water Asso- 
ciated Oil Company, New York; C. E. 
Davis, Shell Oil Company, New York; 
David E. Day, Richfield Oil Corpora- 
tion, Los Angeles; R. G. Follis, Stand- 
ard Oil Company of California, San 
Francisco; A. P. Frame, Petroleum Ad- 
visers, Inc., New York; Wirt Franklin, 
Franklin, Aston & Fair, Ardmore, Ok- 
lahoma; M. Halpern, The Texas Com- 
pany, New York; G. W. Hanneken, The 
Standard Oil Company (Ohio), Cleve- 
land; C. L. Henderson, Vickers Petro- 
leum Company, Wichita, Kansas; E. J. 
Henry, The Atlantic Refining Company, 
Philadelphia; Walter Miller, Continental 
Oil Company, Ponca City, Oklahoma; 
W. E. Moody, Deep Rock Oil Corpora- 
tion, Cushing, Oklahoma; H. D. Moyle, 
Wasatch Oil Refining Company, Salt 
Lake City, Utah; G. G. Oberfell, Phil- 
lips Petroleum Company, Bartlesville, 
Oklahoma; M. G. Paulus, Standard Oil 
Company (Indiana), Chicago; A. E. 
Pew, Jr., Sun Oil Company, Philadel- 
phia; W. A. Slater, Gulf Oil Corpora- 
tion, Pittsburgh; C. F. Smith, Standard 
Oil Company (New Jersey), New York; 
W. L. Stewart, Jr., Union Oil Company 
of California, Los Angeles; G. H. Taber, 


Jr., Sinclair Refining Company, New 
York; C. B. Watson, The Pure Oil 
Company, Chicago, and W. S. Zeh- 


tung, The Pennzoil Company, Oil City, 
Pennsylvania. 

D. V. Stroop continues as secretary of 
this committee. 


Consulting Chemists and 
Chemical Engineers Elect 


Association of Consulting Chemists 
and Chemical Engineers at its annual 
meeting in New York on October 23, 
elected the following officers and coun- 
cilors: 

Albert P. Sachs, president; Henry M. 
Shields, vice president; Claude F. Davis, 
secretary, and Sam Tour, treasurer; 
Percy E. Landolt, Roger W. Truesdail, 
and John M. Weiss, councilors. 


IPAA Renews Plea to Keep 
Domestic Oil Industry Strong 


Independent Petroleum Association of 
America, in annual meeting at Tulsa Oc. 
tober 14-17, expressed fear that increased 
production in other countries may result 
in imports that will ruin the economy of 
the United States petroleum industry, 

B. A. Hardey, Shreveport, was elected 
president to succeed Ralph, T. Zook, and 
other officers were reelected. These in. 
clude Harold B. Fell, vice president; 
Russell B. Brown, general counsel; ¢ 
E. Buchner, manager, and N. T. Gilbert, 
treasurer. 

National Stripper Well Association, 
meeting at Tulsa on the same dates, 
ratified a resolution adopted by the as. 
sociation’s executive committee asking 
Congress for a fixed dole for stripper. 
well production. 


Distribution Started of 
Enemy Industry Reports 


The Department of Commerce is dis- 
tributing reports on German plants and 
processes for the production of oil prod- 
ucts investigated by the combined in- 
telligence objectives sub-committee of 
British and American technologists. 

The first group of reports released 
covered the lubricating-oil plant at 
Porta, Germany; synthetic oil plants in 
the Ruhr; the I. G. Farbenindustrie 
plant at Heidelberg, where a number of 
products were made from _ bituminous 
coal, and the French shale industry. 


U. S. Companies Plan 
Australian Refinery 


A refining company has been formed 
in Australia which is to draw its crude 
oil supply from the Persian Gulf area. 
The Australian government has approved 
formation of the company by California 
Texas Oil Company, who would sub- 
scribe 40 percent of the capital stock of 
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$5,000,000 on condition that 60 percent 
of the shareholders be Australians and 
that the new company import all raw 


U. S$. Crude Runs to Stills and Percent of Refinery Capacity Used by Districts, September and First 9 Months, 


Compared with 1941 and 1944 


Runs from Bureau of Mines, except August and September, 1945 from American Petroleum Institute. 


Capacities from American Petroleum Institute. 


THOUSANDS OF BARRELS 








| REFINING CAPACITY AND USE 
SEPTEMBER 





































































































CRUDE RUNS IN SEPTEMBER 
_ - $$ —_| TOTAL AMOUNT CRUDE RUN TO 
| ' Be Percent Capacity STILLS FIRST 9 MONTHS 
Total Amount Run Daily Average Runs| Daily Capacity Used — _}_——= 
: ‘ | oa amps yea at ROT ——}| January | January | January | Percent 
Sept., | Sept., | Sept., | % Diff. | Sept., | Sept., | Sept., | Sept.. Sept., | Sept., | Sept., | Sept., | Sept.,| to Sept., | to Sept., | to Sept., | Diff. 
REFINING DISTRICT 94 | 1944 | 1945" | “44-45 | 194i | 1944"| 1945"| 194i | 1944"| 1945"| 194i" | 1944 | 1945'| 1941 1944 1945 | "44-45 
Combined East Coast—Southwest| 62,803 | 73,424 66,185 | — 9.9 |2,093 | 2,448 | 2,206 2,284 | 2,518 | 2,744 | 91.6 | 97.2 | 80.4 | 533,341 | 639,828 | 673,209 | +82 
East Const | 18.270 | 21,315 | | 609 | | 711 | 673 791 | 90.5 89.8 | 157,768 203,297 
Inland Texas. | 5,742 | | 6,806 | 191 | 230 | 263 | 330 | 72.6 69.7 | 49,425 65,518 | 
Texas Gulf | 31,192 | 27.032 | 1,040 901 | 1,097 1,287 | 94.8 72.8 | 264,930 310,833 | 
Louisiana Guif Coast | 4.905 | | “9.467 | 163 282 | "156 260 | 104.5 108.5 | 39,669 1,666 | ... 
North Louisiana and Arkansas} 2,694 | 2,475 | 90 | 82} 95 126 | 94.7- 65.9) 21,549) ........ 21,895 | ...-.- 
Apoolechion........... 4,650 | 4,702 | 4,146 | —13.5 | 155| 160/ 138| 166 | 177| 196] 984| 904| 704| 39,965 | 42,164 | 42,008 | + 18 
— - ~— — —.,_———————]\—_—-—_—\—_—|\—\— Se a Ea See — 
District No. 1 2,790 | es Re oy | oO) pina: Satie 27,041 | .... 
District No. 2 | 11356 | 45 | 50 a pated, 15,867 | ... 
ee a PE eS a a RE ey Ee eS EET |—_— 
Indiana, Illinois, Kentucky 22,076 | 22,800 | 20,270 | —11.1 | 736 | 760| 676 | 752| 824| 856 | 97.9| 92.2| 79.0| 184,621 | 207,804 | 211,267 | + 17 
Missouri 11,116 | 11.306 | 11,675 | +24 | 371| 380| 389| 413 | 418| 469| 89.8 | 90.9| 83.0| 94311| 98690| 106,153 | +78 
Rocky Mountain 31273 | 3.911| 3.794 | —3.0| 109| 130| 126| 136] 154| 172] 80.1 | 84.4 | 73.3 | 25152 |  30,625| 35,353 | +154 
” Distelet No.3........ | °) PERE RRS awe "7; CE moe TS 3,405 |... 
District No. 4 3,426 | 114 159 |... | Poke 31,948 |...» 
California. .............:. 17,563 | 24,121 | 24,993 | + 3.6 | 585 | s34| 787| 817 | 997| 74.3| 984 | 93.6 | 158,606 | 217,683 | 243,068 | +117 
Bo A vad Beall Bhd Bed Bled Ba Bas cok a 
Total United States....| 121,481 | 140,453 | 131,063 | — 6.7 | 4,049 4982 4,369 | 4,538 | 4,908 | 5,438 | 89.2 | 95.4 | 80.3 | 1,035,896 | 1,236,794 | 1,311,958 | + 6! 
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FYTHE new Cooper 531 stainless steel offers intensely 

interesting possibilities. Extensive tests indicate excel- 
lent resistance to attack by hydrochloric acid — even in 
a 25 per cent concentration and at a temperature of 80 G. 
It also shows excellent resistance to attack by sulfuric acid, 
nitric acid, calcium hypochlorite, and mixtures of sulfuric 


and nitric acids and of hydroflouric 


and sulfuric acids. In some cases, — 
@ 531 is from 10 to 60 times as Chemical 
resistant as other alloys customarily Composition 
used. CR—10-14 
ormed Ni—27-30 
oa The much greater than usual re- ee 
sistance of & 531 to attack by gp Chg 
“fornia hydrochloric acid is due to the for- Si—.5-.8 
, a te! Mn—.5-.8 
1 sub- mation of a self-repairing insoluble Sb—.4-.6 
one antimony film, combined with the 


ercent 
ns and 
ll raw 


ths, 


inherent resistance of a high nickel- 
chromium alloy containing copper 
and molybdenum. 


Further details will be gladly 
furnished upon request. 


FOR VALVES, FITTINGS AND CASTINGS 


This new alloy is available in 


valves, pipe fittings and the 


TES lelMaclalel-Mol Mm tiellali:tt-aaertilale E 
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Mechanical 
Properties 


TS—50-70,000 PSI. 
YP—-40-45,000 PSI 
E12”—15-30%, 
BHN—125-140 
























Write 
on your letterhead 
for 
“ECONOMICS OF 
WATER 
CONDITIONING” 


D. W. HAERING EO © aya 


GENERAL OFFICES: 
205 West Wacker Drive, Chicago 6, Illinois 
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materials on the sterling basis and that 
operations do not involve dollars. 

The new company, Bitumen and 
Australian Oil Refineries, Ltd., might 
make the country self supporting jp 
bitumen and lubricating oils within two 
years, according to David Craig, pro. 
posed as manager for the company. A 
considerable part of Australia’s bitumen 
is now coming from Mexico. 

California Texas Oil Company, Ltd, 
is owned jointly by the Standard Oj 
Company of California and The Texas 
Company. 












































Gasoline Plant Being 
Built in Neale Field 


Work is under way on a natural- 
gasoline plant for The Atlantic Refining 
Company in the Neale field of Beaure- 
gard Parish, Louisiana. It will process 
about 27 million cubic feet of gas per 
day. 

The plant production consisting of 
about 19,000 barrels per day will be 
shipped by pipe line with the crude oil 
to the Atlantic refinery near Port Ar- 
thur. 

Hudson Engineering Corporation, 
Houston, is building the plant in colla- 
boration with the engineering and con- 
struction division of The Atlantic Re- 
fining Company. 


Building Alabama 
Asphalt Refinery 


Construction has been started on a 
3000-barrel asphalt refinery for Hunt Oil 
Company on the Black Warrior River 
at Tuscaloosa, Alabama. 

Heavy crude oil will be transported up 
the Black Warrior River from Choctaw 
County, Alabama, where Hunt Oil Com- 
pany has a large asphaltic-base oil re- of 
serve. 

Design and construction of the refin- 
ery is in charge of Hudson Engineering 
Corporation of Houston. 


Lowden Heads Jersey 


Veterans’ Department 


F. V. Lowden has been named veter- 
ans’ coordinator of Standard Oil Com- 
pany (New Jersey), a department re- 
cently set up for implementing the com- 
pany’s policy of reinstatement of re 
turned veteran-employes. : 

Lowden is a veteran of the two W orld 
Wars, having been recently - released 
from duty as captain in the U. S. Coast 
Guard. In World War I, he served over- 
seas as a major in field artillery. He has 
been with the company since 1920, when 
he joined its legal department. 
served for 42 months in charge of port 
security for the Third Naval District. 


Hewetson Named President 
Imperial Oil Limited 


Henry H. Hewetson has been elected 
president of Imperial Oil Limited, x 
placing the late R. V. LeSueur. Fran 
W. Pierce was elected chairman of the 
board of directors, also succeeding Lt 
Sueur. Pierce is a member of the boar 
of Standard Oil Company (New Jer- 
sey) of which Imperial Oil is subsidiary: 
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J. R. White, a director, was electe a 
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Sexe TEXAS CITY REFINERY «/ 
«| PAN-AMERICAN PETROLEUM ..<2 TRANSPORT COMPANY, 2c. 


The fluid catalytic cracking plant alone has 13 large steam- 
driven compressors totalling 5450 HP. Other air and gas 
compressors in the refinery include electric, gas-engine and 
steam-driven types. This installation is an excellent example 
of the complete coverage of I-R process compressors. The 
fact that the first units were installed in 1933 when the refin- 


ery opened, is proof of their dependability and efficiency. 


For refinery service specify Ingersoll-Rand reciprocating 


compressors, turbo blowers, centrifugal pumps and vacuum. 


— 


ersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 


equipment. 


Ing 
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LITHIUM HYDRIDE 
CALCIUM HYDRIDE 
LITHIUM-CALCIUM HYDRIDE 





Large Commercial Quantities 


High Commercial Purity 


Many Particle Size Ranges 


Other [rrmaroys Products 


Lithium Metal Lithium Amide 
Lithium Alloys Lithium Alcoholates 
Lithium Peroxide Lithium Alkyls 
Lithium Nitride Lithium Aryls 


LITHALOYS CORPORATION 


444 MADISON AVENUE, NEW YORK 22, N. Y. 





THE Mont H... 


vice president, and will succeed C. A 
Eames, soon to retire. F. G. Hall, gen. 
eral sales manager, was elected a dj- 
rector. 

Hewetson joined Imperial Oil after 
service in the Royal Air Force in the 
first war, his first duties in a student’s 
course being firing a coalburning stil] 
He then was assigned to the research 
laboratories where his pursuit of chem- 
istry led to membership in the American 
Institute of Chemical Engineers. After 
service with research and manufactur- 
ing departments of Standard Oil Com- 
pany (New Jersey) affiliates in the 
United States and South America, he 
moved to the sales department of Im- 
perial in 1935 and became a vice presi- 
dent in 1940. 


Enlarge Manual 


The technical manual of the Natural 
Gasoline Supply Men’s Association will 
be issued in larger form following action 
of the board of directors and naming of 
an editorial committee. This committee 
consists of J. H. Satterwhite, chairman; 
V. C. Canter, E. P. Shelton, F. J. Wetzel 
and G. W. McCullough, Phillips Petro- 
leum Company, who will be advisor. 

The last manual was printed in 1941. 
The 1946 edition is expected to be 25 
percent larger. The first printing will be 
6000 copies. 


Harry A. Ells Goes With 
United Carbon Company 


Harry A. Ells, manager of the nat- 
ural gasoline. and chemical division of 
Cities Service Oil Company, Bartles- 
ville, will leave that position November 
1 to head the Kansas-Oklahoma activi- 
ties of United Carbon Company, 
Charleston, West Virginia, at its new 
offices being established at Liberal, 
Kansas. 

Ells has been with Cities Service Oil 


HARRY A. ELLS 
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COLD WEATHER. 


DOESN’T PUT THE *7 BUSINESS 


\ 









Sub-zero weather presents no problem with 
Fin FAN operation because it uses air as the 
cooling agent. This makes the FIN* FAN Cool- 
ing Unit of particular value to those industries 
whose heat loads are heaviest during the win- 
ter months. Variable pitch fans with multi- 
Speed drives can be adjusted to meet any 
changes in weather or load within design 
limits. This means substantial power savings, 


especially in cold weather...and economical 


Operation the year ’round. , A FIn* FAN Cooling Units are produced and 


sold by: The Griscom-Russell Co. and 
The Fluor Corporation, Lid. 





ENGINEERS - MANUFACTURERS ° CONSTRUCTORS 


PROCESS PLANTS AND EQUIPMENT FOR THE OIL, GAS AND ALLIED INDUSTRIES 
THE FLUOR CORPORATION, Ltp., 2500 S. Atlantic Blvd., Los ANGELES 22 * New York, Pittsburgh, Kansas City, Houston, Tulsa, Boston 
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Company since 1923 when he worked 
on a gasoline construction gang for the 
company shortly after his graduation 
from Stanford University as a mining 
engineer. He was placed in charge of 
plant construction in 1926, became 
operating superintendent in 1931 and 
general superintendent in 1937. It was 
in 1940 that he assumed the position 
from which he has just resigned. He 
has been active in the affairs of the 
natural gasoline industry as a_ whole 
through committee work and as a d- 
rector of Natural Gasoline Association 
of America. He has been a vice presi- 
dent of this organization for the past 
three years. 


Boothby Named President 
American Gas Association 


Everett J. Boothby, vice president of 
Washington Gas Light Company, was 
elected president of the American Gas 
Association at its annual meeting in 
New York, October 24-25. He succeeds 
J: French Robinson, East Ohio Gas 
Company, Cleveland. 

The first vice president is R. H. Har- 
grove, United Gas Pipe Line Company, 
Shreveport; second vice president, Hud- 
son W. Reed, president of The Phila- 
delphia Gas Works Company; treasurer, 
Edward F. Barrett, president of Long Com 
Island Lighting Company, Mineola, Alab 
New York. H. I 

Directors elected for two-year terms mana 
are: Com 

J. French Robinson, president of The Hulc 
East Ohio Gas Company, Cleveland; pany 
R. E. Fisher, vice president of Pacific presi 





Gas & Electric Company, San Fran- 
cisco; Walter C. Beckjord, president ol 
Cincinnati Gas & Electric Company, 
Cincinnati; Charles M. Cohn, president 
and chairman of the board of Consoli- 
dated Gas Electric Light & Power Com- 
pany, Baltimore; E. H. Eacker, vice 
president of Boston Consolidated Gas 


genet 
New 
of tl 
Broo 
lyn, ; 
eral 1 
Toro 


ed to 
-zero 
15 to 


line. - be adapt 


u 
elevated OF ; 
remperature>: 

detailed 

nand Cata- 





VALVE DIVISION 


R-S PRODUCTS CORPORATION 


120 Berkley 















Street + Philadelphia 44, Pa. 


BUTTERFLY VALVES 
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R. H. HARGROVE 


Company; J. N. Greene, president of 
Alabama Gas Company, Birmingham; 
H. E. Handley, president and general 
manager of Handley-Brown Heater 
Company, Jackson, Michigan; D. A. 
Hulcy, president of Lone Star Gas Com- 
pany, Dallas; Henry H. Morse, vice 
president of Florence Stove Company, 
Gardner, Massachusetts; E. P. Noppel, 
general consultant, Ebasco Services, 
New York; Clifford E. Paige, chairman 
of the board and president of The 
Brooklyn Union Gas Company, Brook- 
lyn, and E. J. Tucker, director and gen- 
eral manager, Consumers Gas Company, 
Toronto, Ontario, Canada. 


Sun Organizes Natural 
Gasoline-Gas Department 


James G. Pew has been named man- 

ager of the natural gasoline and natural 
gas department, a new division set up 
by Sun Oil Company. He will have 
Charles E. Webber as his assistant. The 
two men recently left the staff of the 
natural gasoline department of Petrole- 
um Administration for War, where they 
were director and assistant director. 
_ The two men will have headquarters 
in Philadelphia. Their appointments do 
not involve changes in local manage- 
ment. Announcement from the company 
included that the division, “was created 
a8 @ further development in an aggres- 
sive program for the conservation and 
utilization of gas resources.” 

_Previous to his connection with PAW 
45 months back, Pew was superintendent 
of Virginian Gasoline Company, Charles- 
ton, West Virginia. After graduation 
from Massachusetts Institute of Tech- 
nology, Pew joined United Natural Gas 

Ompany. Next he went with Mellon 
MStitute, Pittsburgh, where he did re- 
search in liquefied petroleum gases, nat- 
ural gas and natural gasoline. He was 
with Hope Natural Gas Company for a 












SECTION OF 
ROTO MOTOR 







ACTUAL SIZE 
orate te The Secret of the power and en- 
Junior cleaner 

with wire-flexible 
coupling and ex- 
panding brush. 


durance of the Roto Junior Tube 
Cleaner is its extreme simplicity of 
design and precision construction. 
It has only two moving parts, a shaft 
and a solid blade. Positive contact 
between the blade and the Roto- 
centric bore cylinder assure an un- 
divided air stream and freedom 
from leakage. Its convenient size, 
speed and ease of operation, offer 
a marked contrast with old type, 
cumbersome external cleaners. Send 


for details. 


ROTO ne are om 


145 Sussex Avenue * Newark 1, N. J. 
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At a large power plant in Saskatch- 
ewan, Canada, a crack developed in 
an economizer header neck. A new 
header section would have taken weeks 
to get. With Smooth-On No. 1 Iron 
Repair Cement, a little ingenuity and 
negligible cost, the economizer was 
quickly put back in service. 


A length of wrought iron pipe was 
fitted into the header neck, allowing 
1/l6th inch clearance all around. 
This space was packed with a soft 
paste of Smooth-On No. 1 and al- 
lowed to harden. Back in service, un- 
der 150 Ibs. pressure at 160-220° F., 
the header remained in use six years 
and later saw service in another plant, 
under lower pressure and temperature 
for another seven years. 


Smooth-On No. 1 has been popular 
in plants, mills and factories the past 
50 years, for stopping leaks, sealing 
cracks, tightening loose parts. Easy 
to use, requiring no heat. Makes re- 
pairs that last. Costs little. Sold in 
1-, 5-, 25- and 100-Ib. sizes at your 
supply house. If yours hasn’t it, con- 
tact us direct. 


40 pages. 170 diagrams. Con- 
cise instructions. New ideas 
and short cuts. Pocket size. 
Handy index. Just mail the 
coupon. 
—— Sign and Send Now —— 
Smooth-On Mfg. Co., Dept. 11, 
670 Communipaw Ave., 


Jersey City 4, N. J. 
Please send me my 


REPAIR 
HANDBOOK 


Handbook. 
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CHARLES E. WEBBER 


brief period in 1926 before going with 
Virginian Gasoline Company. He was 
recipient of the Hanlon Award from the 
Natural Gasoline Association of America 
in 1945. 

Webber, a graduate of Louisiana State 
University, joined Humble Oil & Re- 
fining Company as a chemical engineer 
in 1934. He went with PAW in 1942 and 
served continuously until accepting the 
position in the new Sun Oil Company 
department. 


Thomas Manager of 
Research for Phillips 


Ross W. Thomas has been named 
manager of research and development of 
Phillips Petroleum Company, Bartles- 
ville. His new duties include that of ex- 
ecutive assistant to G. G. Oberfell, vice 
president. 

George R. Benz has been promoted to 
the post as manager of the chemical 
products department, where he has. been 
assistant to Thomas. 











Miller W. Conn has resumed his duties 
as manager of the Perco division, chem- 
ical products department. Conn _ has 
served in the Navy for 2% years. With 
his return A. E. Buell, who has been 
acting manager, will again devote his at- 
tention to management of the special 
products department. 

Thomas has been in the Phillips or- 























R. W. THOMAS 


G. R. BENZ 
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JAMES E. PEW 





ganization since 1926, when he became 
construction superintendent. After a pe- 
riod in the development of liquefied pe- 
troleum products distribution he became 
assistant director of research. Next he 


















nam: 
was elected vice president of Philgas turin 
Company. Since 1940 he has been presi- direc 
dent of Hycar Chemical Company, an last 
affiliate owned jointly by Phillips Petro- presi 
leum Company and The B. F. Goodrich Co 
Company. five | 
Benz came into the Phillips organiza- of re 
tion as an engineer in 1925. Two years while 
later he became interested in liquefied out ¢ 
petroleum gases and in 1928 went to the a 
Detroit as sales engineer. Later he be- eratin 
came Philgas industrial division man- 

ager. Lun 
Follis Elected President Cali 
California Standard Ele 
R. G. Follis, who has been in the man- ot th 
ufacturing division of Standard Oil Com- @ Pany 
pany of California since 1924, has been Texa: 
elected president of the company. His = 
elevation from assistant to the president a 
followed election of H. D. Collier as 7 
chairman of the board. fT 
Follis is a native of San Francisco, a I 
who went to work for Standard Oil pom 
Company in its Richmond refinery alter — 
graduation from Princeton University in Stand 
1924. After services in Bakersfield and The ( 
EI Paso refining plants he came back to ee 
San Francisco in 1932. In 1940 he was * 
Finn 
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Cha 
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came 

a pe- 

d pe- R. G. FOLLIS 

came 

xt he named general manager of the manufac- | 

1ilgas turing department. He was chosen as a 

presi- director and a vice president in 1942 and 

y, an last year was named assistant to the 

-etro- president. 

drich Collier, who has been president for 
five years, said, “the strenuous problems | 

\niza- of reconversion are now with us and 

years while I plan to remain active in work- 

1ehed out on these problems, I believe this is 

nt to the appropriate time to transfer the op- 

e be- erating burdens to others.” 

man- 


Lund Chairman of Two 
California Standard Units 


Election of Gage Lund as chairman | 


man- @ o the boards of The California Com- | 
Com- pany and’ Standard Oil Company of 
been  Lexas, both Standard Oil Company of 


_ His California subsidiaries, was announced 


October 10. 


ident t 
alion _K. H. Crandall was named president 

ot The California Company, succeed- 
cisco, | ™S Lund, while J. W. Hoover was 


: Oil elected a vice president. 
Lund’s headquarters will be in San 








after > : 

say ie Francisco. Operating headquarters of 

. oan Standard of Texas is in Houston and | 
ck to The California Company, in New Or- 


leans. 
> was 


Finney and Smith Promoted 
By Standard of California 


named assistant to the vice president- 
manufacturing (a new position) of 
Standard Oil Company of California, 
and has been succeeded in his former 
Position as general manager of the 
manufacturing department, in charge of 
operations and process planning and con- 
trol by Francis H. Smith. A. C. Moor- 
head has been appointed personnel di- 
rector of the manufacturing department. 
All will have headquarters at Gan Fran- 
cisco. 

Finney, a mechanical engineering 
Seduate of Cornell University, joined 
© company in 1919 at Richmond re- 
nery. In 1928 he was appointed assist- 





manager of the pressure-distillation de- 
Partment there. In 1931 he went to El 


o. i 


ant superintendent and subsequently | 


Charles E. Finney, Jr., has been | 


| 
| 


November, 1945—A Gulf Publishing Company Publication 203 


















Chemical 
































diaphragm valves 


(saAuUNO 






HILLS-McCANNA 


With Westinghouse Flex-air and Controlair Controls 


Hene's an efficient and practical way to control valve 
operations from any convenient point in your plant . 
with Hills-McCanna air-actuated valves. This unit combines 
the proved principle of the Hills-McCanna Diaphragm 
Valve with Westinghouse Flex-air and/or Controlair Con- 
trols and air-operated piston to give you smooth control 
. . . finger-tip service at all times. 

And since this new Hills-McCanna unit... like all Hills- 
McCanna valves ... has no packing, there's no sticking 
of the stem to interfere with easy, accurate positioning. 

For ordinary open and close valve operation the Hills- 
McCanna unit is used with Flex-air Controls. Dependable 
throttling service may be had 
with Controlair and Flex-air 
Controls and a Hills-McCan- 
na Diaphragm Valve and 
Piston operation. 

This improved type valve 
is available in sizes from 4” 
to 12” inclusive. Send today Hand-o 
for complete data on instal- phsneee’te bead eae pe — = oo 

: ‘ of the bonnet and to assure a leak-proof 
lation and operation. closure in shutoff position. The resilient 

diaphragm avoids sticking and clogging 


— eliminates packing — can be replaced 
quickly, easily, in a minimum of time. 


HILLS-McCANNA COMPANY 


2441 W. NELSON STREET ¢ CHICAGO 18, ILL. 




















Proportioning Pumps—Force-Feed Lubricators—Chemical Valves 
Air & Water Valves—Marine Valves—Magnesium Alloy Castings 


















Easier 
Way To 
Wash 


Overalls! 






Would you like to greatly im- 
prove results when washing 
wiping cloths, cotton waste, 
overalls, coveralls, etc? Here’s 
the answer: 


Use Oakite Penetrant in your 
tank or laundry wheel, as di- 
rected. Combining fast wet- 
ting-out and extraordinary 
solvent characteristics, this 
specially developed material 
quickly dissolves grease, dirt 
and grime... steps up soil re- 
moval . . provides more 
WASHING ACTION ... de- 
livers wiping cloths and work 
clothes that are clean and ab- 
sorbent. Not only is Oakite 
Penetrant rapid-acting and ef. 
fective but economical too! 


Data 
FREE on Request! 


Because conditions vary great- 
ly in this work, let us recom- 
mend proper formulas for 
your job! There’s no obliga- 
tion, so write TODAY! 


OAKITE PRODUCTS, INC. 


508 Thames Street, New York 6, N.Y. 


Technical Service Representatives Located in All 
Principel Cities of the United States and Canada 
























C. E. FINNEY 


Paso, Texas, as manager of Pasotex Re- 
fining Company (a subsidiary). Two 
years later he returned to California as 
manager at Richmond. In 1933 he was 
transferred to the company’s head of- 
fice at San Francisco where he became 
successively chairman of the manufac- 
turing committee, assistant general man- 
ager of the manufacturing department, 
and in 1943, general manager of the de- 
partment. 

Smith began working for the company 
in 1913 at El Segundo refinery. Fifteen 
years later he was transferred to Rich- 
mond as superintendent, and in 1934 be- 
came manager of this refinery. In 1944 
he was named assistant general manager 
of manufacturing at San Francisco. 

Moorhead, a graduate of University 
of California in mechanical engineering, 
was employed in 1917 at Richmond. In 
1943 he was appointed assistant general 
manager of the manufacturing depart- 
ment. 


Ohio Standard Promotes 
Three Refinery Executives 


J. R. Cuthbert, superintendent of the 
Lima plant of The Standard Oil Com- 
pany (Ohio), has been promoted to a 
similar capacity at the Number 1 plant 
in Cleveland. His promotion followed 
the selection of C. H. Metz, Jr., former 
superintendent, as director of industrial 
relations. 

I. L. Peterson, superintendent of main- 
tenance and construction in the Cleve- 
land plant, has been selected for super- 


J. R. CUTHBERT 





F. H. SMITH 


1. L. PETERSON 
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A. C. MOORHEAD 





intendent at the Lima works. Peterson’s 
duties at Cleveland have been combined 
with process activities, and E. S. Bale, 
former process superintendent, will su- 
pervise all these activities. 

Metz had been superintendent at 
Cleveland since 1937, having started 
work there as a cracking-coil stillman in 
1927. Two years later he was promoted 
to assistant superintendent. 

Cuthbert represents. the third genera- 
tion of his family to be directly active 
in the petroleum industry. He began his 
work with Solar Refining Company at 
Lima. In 1931 the Solar company was 
merged with The Standard Oil Com- 
pany and Cuthbert remained there as 
superintendent. 

Peterson began work in the Toledo 
plant of the company in 1924 after grad- 
uation from the University of Illinois. 
After turns as draftsman, boilermaker 
and boiler-shop foreman he became mas- 
ter mechanic in 1929. In 1936 he was 
transferred to Cleveland headquarters as 
assistant to G. W. Hanneken, vice presi- 
dent. A year later he was named assist- 
an superintendent in Cleveland and in 
1944 he became superintendent of con- 
struction and maintenance. 


Cummings Superintendent 


Of Texaco Research 


Carl E. Cummings has been named 
superintendent of Texaco Development 
Corporation’s research laboratory a 
Beacon, New York. He succeeds the 
late Allan V. Ritchie. 


















E. S. BALE 































rson’s 
bined 
Bale, 
Il su- 


nt at 
farted 


noted PLATE-FABRICATION 
nera OF EVERY KIND 





active 
a The Plate and Welding Division 
Cn at Sharon, Pa., is equipped to 
=? fabricate practically anything 
= made of carbon, stainless or 
inois alloy steels, aluminum or other 
— special alloys, either welded or 
Bs riveted. . . . Facilities include 
presi- complete X-ray equipment, heat- 
w 34 treating and stress-relieving fur- 
— naces, testing laboratories, and 
nt an experienced Erection Depart- 
ment. TANKS, STILLS, DIGESTERS, HEATERS, PRESSURE VESSELS, 
amed You name it—we’ll build it! CRYSTALLIZERS, HEAT EXCHANGERS, MIXING KETTLES, 
y 3 Write for full details. PREHEATERS, STACKS, BINS, PENSTOCKS, SCRUBBERS, KILNS 
; the 






'IPORTATION CORPORATION 


PLATE AND WELDING DIVISION 






Building, New York 17, New York 
St. Louis .. . Salt Lake City ... San Francisco ... Tampa... Washington, D. C. 
and Louisville, Kentucky 
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DIGEST OF UNITED STATES PATENTS 
ON ISOMERIZATION OF HYDROCARBONS IV 


Compiled by HEINZ HEINEMANN 


—, 








U.S.P. 2,347,266. Isomerization of Paraf- 
finic Hydrocarbons. V. N. Ipatieff and 
L. Schmerling to Universal Oil Prod- 
ucts Company.. 

C, and Cs paraffinic hydrocarbons are 
isomerized in the presence of a catalyst 
consisting of an AI1Cls-hydrocarbon 
sludge. The calatlyst is produced by the 
polymerization of ethylene with an 
A1Cl; catalyst. The sludge and the hy- 
drocarbons are contacted at 200-500° F. 
and under a hydrogen pressure of 15 to 
150 atmospheres. 


U.S.P. 2,348,700. Treatment of Butane. 
V. N. Ipatieff and H. Pines to Uni- 
versal Oil Products Company. 
Normal butane is converted to iso- 

butane by subjecting a mixture of 80 

mols n-butane, 10 mols hydrogen, 5 

mols hydrogen chloride and 5 mols hy- 

drogen bromide to the action of a granu- 
lar catalyst consisting of 80 percent by 
weight of granular alumina, supporting 

15 percent of substantially anhydrous 

AlCts and 5 percent AlBrs. A reaction 

temperature of 90° C. and a pressure of 

200 psi is employed. 


U.S.P. 2,349,516. Treatment of Paraffins. 
H. Pines and H. S. Bloch to Uni- 
versa! Oil Products Company. 
N-butane is passed over a catalyst 

consisting of 60 parts (weight) of acti- 

vated charcoal or other inert carrier, 
and 40 parts of a composite of 1 mol 
proportion of AlCl, and 0.7 mol pro- 
portions of zirconium chloride. This 
treatment in the presence of 6 mol per- 
cent of hydrogen chloride and 1 mol 
percent of hydrogen at 200° C. under 

a pressure of 650 psi yields about 40 

percent iso-butane. 


U.S.P. 2,349,821. Catalytic Conversion 
Process. N. Fragen to Standard Oil 
Company (Indiana). 

When employing an aluminum halide- 
hydrocarbon complex catalyst for the 
isomerization of hydrocarbons, the cata- 
lyst viscosity often increases substan- 
tially with use. The viscous catalyst is 
contacted with a substantially saturated 
hydrocarbon fraction in the presence of 
an activator affording a hydrogen halide 
under reaction conditions at a tempera- 
ture within the range from about 100- 
250° F. at superatmospheric pressure 
for a time sufficient to reduce substan- 
tially the viscasity of the complex. 


U.S.P. 2,350,834. Conversion of Hydro- 
carbons. E. E. Sensel and A. R. Gold- 
by to The Texas Company. 
Cycloparaffins are removed from a 

mixture of cyclo- and _ straight-chain 

paraffins and the straight-chain paraf- 
fins are isomerized with an aluminum 
halide catalyst in the presence of HCl 

at about 130° F. 


U.S.P. 2,351,354. Method of Executing 
Catalysed Vapor-Phase Reactions. F. 
M. McMillan to Shell Development 
Company. 

In a vapor-phase isomerization proc- 
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ess using a supported AICI; catalyst, 
the migration of AlCl; out of the reac- 
tion ‘zone is substantially prevented by 
keeping one end of the zone at reaction 
temperature (about 200° C.), and the 
other end substantially cooler (about 
100° C.), and reversing the flow and 
temperature conditions at regular inter- 
vals. 


U.S.P. 2,351,562. Catalysis. P. L. Velt- 
man to The Texas Company. 
N-butane is subjected to contact with 

an active catalyst comprising as active 

agent aluminum mixed halide containing 
chloride and fluorine atoms in the same 
molecule in the presence of hydrogen 

halide. Temperature in the range of 180- 

300° F. are employed. 


U.S.P. 2,352,577. Isomerization of Hy- 
drocarbons. S. B. Thomas to Shell 
Development Company. 

A process for the conversion of n- 
butane to i-butane is claimed which 
comprises contacting n-butane at a tem- 
perature not greater than about 200° C. 
with a solid catalyst comprising ad- 
sorptive alumina impregnated with 
AlCl, substantially free from AI1C1; 
hydrates obtained by heating a partially 
dehydrated adsorptive alumina at a tem- 
perature above about 140° C. in a closed 
vessel with sufficient AlCl; to react 
with at least a substantial part of the 
bound water in the alumina but insuf- 
ficient to saturate the alumina, removing 
HCl formed by the reaction at a tem- 
perature above 140° C. and impregnat- 
ing the product so formed with a sec- 
ond portion of AlCls in an amount 
sufficient to substantially saturate the 
alumina. 


U.S.P. 2,353,098. Catalytic Isomerization 
Process, J. M. Whiteley, Jr., and C. S. 
Lynch to Standard Oil Development 
Company. 

Powdered AlCl; and n-paraffins in 
liquid phase are mixed to farm a slurry. 
Isomerization is effected in the presence 
of a promoter. Part of the mixture is 
withdrawn, separated into solid and 
liquid phase and iso-paraffin recovered 
from the liquid phase. 


U.S.P. 2,353,552. Process. and Catalyst 
for the Isomerization of Hydrocar- 
bons. H. E. Drennan to Phillips Pe- 
troleum Company. 

Olefinic hydrocarbons are isomerized 
by passing the dried gas over a solid 
adsorbent catalyst such as brucite or 
bauxite at 50-600° F. The catalyst has 
been activated by heating to tempera- 
tures in excess of 600° F. in an atmos- 
phere of nitrogen or dry natural gas. 
It can be regenerated by the same pro- 
cedure. 


U.S.P. 2,353,899. Isomerization of Paraf- 
fin Hydrocarbons. V. N. Ipatieff and 
H. Pines to Universal Oil Products 
Company. 

Normally liquid n-paraffinic hydro- 
carbons are isomerized in contact with 
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catalysts consisting of AlCl; mixed or 
fused with chlorides of alkali or alka- 
line earth metals. The molal proportion 
of the aluminum salt is preferably over 
7 The reaction is carried out at 100. 
we’ G 


U.S.P. 2,354,565. Isomerization of Nor. 
mal Paraffins. J. E. Wood and C. § 
Lynch to Standard Oil Development 
Company. 

Normal pentane is isomerized to iso- 
pentane with a catalyst consisting of a 
mixture of SO; and BF; or of SO; and 
HF. The batch reaction is carried out 
for long periods of time at about 75- 
100° F. and 100-200 psi. 


U.S.P. 2,354,652. Hydrocarbon Conver. 
sion. D. R. Carmody, B. L. Evering 
and E. D’Ouville to Standard Oj 
Company (Indiana). 

Substantially saturated naphtha is iso- 
merized in the presence of an aluminum 
halide at 100-250° F. under a hydrogen 
partial pressure from 450-650 psi and 
with hydrogen chloride as _ promoter. 
Liquid isomerized hydrocarbons, gase- 
ous hydrocarbons and a. hydrocarbon- 
aluminum halide complex are formed. 
The complex is used as catalyst fora 
hydrocarbon alkylation process. 


U.S.P. 2,355,198. Catalytic Conversion of 
Hydrocarbons. H. V. Atwell to The 
Texas Company. 

Hydrocarbons to be isomerized are 
passed together with a hydrogen halide 
promoter through a reaction zone con- 
taining Al1Cl;. A temperature gradient is 
maintained through the reaction zone, 
the temperature increasing in the direc- 
tion of flow due to exothermic heat of 
reaction. At succeeding intermediate 
points in the reaction zone a cracking 
inhibitor, such as hydrogen is introduced 
at the proper temperature. 


U.S.P. 2,355,446. Aluminum Chloride 
Treatment of Hydrocarbon Oils. V. |. 
Komarewsky and L. A. Mekler to 
Universal Oil Product Company. 

A process for the production of iso- 
butane and a high-octane motor fuel is 
described, which comprises continuously 
charging a hydrocarbon oil with anhy- 
drous AlCl; and HCl to a reactor, 
establishing recirculation of admixed oil 
and catalyst, the rate of recirculation, 
time of contact and temperature being 
regulated to form substantial quantities 
of iso-butane, continuously removing 
from the reactor a vaporous fraction 
comprising i-butane and a liquid frac 
tion containing the ‘catalyst in suspet- 
sion, charging the liquid containing 
A1Cls in suspension to a second reactof, 
establishing recirculation of said liquid 
fraction and catalyst, the rate of recirct 
lation time of contact and temperature 
in the second reactor being regulated to 
form substantial quantities of high-0c- 
tane motor fuel, continuously removing 
from the second reactor a vaporous frat 
tion comprising the motor fuel and 4 
liquid fraction containing the used cate 
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You re-pack less often when you standardize 
on PALMETTO Packings. 


These high-quality packings last longer because 
each grade is saturated through and through 
with a special and exclusive lubricant that will 
not wash out or be dissolved by the fluid for 





which the packing is in- 


tended. PALMETTO 
High-P Folded 
The result . . . each PAL- pie calseray 
METTO Packing stays soft Asbestos Metallic 
and resilient for long pe- Sheet Packing 
Asbestos Metallic 
riods ... and at the same 
Gasket Tape 


time protect 
p s rods, shafts NOW AVAILABLE 








and stems from scoring. 








GREENE, TWEED & CO. 
Bronx Bovlevard at 238th Street, New York 66, N. Y.. 
Plants at New York, N. Y., and North Wales, Pennsylvanie 


fer steam oter. air. PELRO for ' 
j CUTNO for alkalis. SUPERCUTNO t e 
. asbestos for acids. KLERO for f ds 


Self Lubricating PACKINGS 





| anhydrous liquid n-butane is introduced 























lyst in suspension, commingling the 
pors from the two reaction cham} 
and separating from them a liquid § 
tion of the motor-fuel boiling range 
subjecting the last-named liquid 
tion to the action of anhydrous A 
and HCl under conditions suitable 
the isomerization of substantial qq 
tities of the normal paraffinic co 
tuents thereof to form iso-paraffi 


U.S.P. 2,355,563. Isomerization Pre 
W. A. Schulze to Phillips Petrole 
Company. ’ 
Corrosion of metallic surfaces in q 

merization processes, employing 

rosion-causing Friedel-Crafts type caf 
lysts is prevented by coating the gg 
faces with a high-boiling non-arom 

essentially paraffinic oil. 


U.S.P. 2,356,190. Novel. Isomerizatig 
Process. A. Voorhies, Jr., to Stand; 
Oil Development Company. 
The sole promoter employed in ¢ 

isomerization of n-paraffins in the p 

ence of an AICI; catalyst consists 

at least one mono-olefin, present in 
amount of less than one mol of olé 
per mol of aluminum chloride. 


U.S.P. 2,356,487. Isomerization of Hi 
drocarbons. J. D. Upham to Phillips 
Petroleum Company. 
A saturated solution of anhydrom 

A1Cl; in liquid anhydrous hydrogem 





chloride is prepared at 18° C. About 2@ 
of the HCl are then vaporized, leaving 
a slurry of AlCl; in HCl. A charge @& 







and contacted with 10 percent by weight 
of A1C1; in HCl at 75° C. and 750 psi. 
When the products are separated, 33 
percent of the n-butane has been iso- 
merized. 


| U.S.P. 2,357,521. Isomerizing Paraffinic 








Naphthas. W. B. Kay to Standard Oil 

Company (Indiana). 

Naphtha, an aluminum halide catalyst, 
a hydrogen halide promoter and free 
hydrogen are contacted at 100-350° F. 
and 500-1500 psi pressure, while the 
hydrogen is largely dissolved in the 
naphtha. After cooling the products, they 
are separated and a hydrogen-rich gas is 
recycled to the reaction zone. 


U.S.P. 2,358,311. Treatment of Hydro- 
carbons. H. S. Bloch to Universal Oil 
Products Company. 

Normal or mildly branched parafhn 
hydrocarbons are isomerized by cot 
tacting them with metal halides of the 
Friedel-Crafts type in the presence 0 
hydrogen and HC1. The amount of hy 
drogen is gradually decreased during the Tl 
period of operation and that of HC) 5. 
increased. INERAL ( 


U.S.P. 2,360,699. Catalytic Conversion CTS 
Process. S. H. McAllister, J. Ander 
son and W. E. Ross to Shell Develop 
ment Company. 

An isomerization process which coi 
prises contacting an isomerizable sat 
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BAKER & ADAMSON REAGENTS 
AND FINE CHEMICALS 


FC 
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AND SULFURIC ACID 


First, Sulfuric Acid . .. then, An- 
hydrous Hydrofluoric Acid .. . for 
almost half a century General 
Chemical Company has provided 
the ever-growing requirements of 
the Petroleum Industry for cata- 

lytic and other basic chemicals, 
And increasingly the Industry 
has come to count upon this organ- 
ization as its source of supply—-for 
behind General’s nation-wide man- 
ufacturing facilities are progressive 
research and technological “know 
how” capable of coping with the 
new chemical 
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Pittsburgh « 


needs of modern refining plants. 


That’s why it is wise to turn to” 


General whether you want alkyla- 
tion catalysts, other basic chemicals 
or special chemicals“‘custom-made” 
for your individual process. Why 
not place your petroleum chemical 
problem in our hands now? The 
same skill and experience that has 
found the answer for so many 
others may provide the solution for 
yours, too. Write today for new 
Technical Service Bulletin #30-A, 
Hydrofluoric Acid, Anhydrous 
and Aqueous. 


GENERAL CHEMICAL COMPANY 


40 RECTOR STREET «¢ 
Sales and Technical Service Ofices: Atlanta « Baltimore « Boston « Bridgeport 
(Conn.) + Buffalo + Charlotte (N. C.) « Chicago + Cleveland « Denver - Detroit 
Houston + Kansas City - Los Angeles + Minneapolis » New York + Philadelphia 
Providence (R. LL.) «+ . 

Utica (N. ¥.) «+ Wenatchee (Wash.) + Yakima (Wash.) 

In Wisconsin: General Chemical Wisconsin Corp., Milwaukee, Wis, 
In Canada: The Nichols Chemical Company, Limited 


NEW YORK 6, N. Y. 


San Francisco + Seattle «+ St. Louls 


Montreal . Toronto-. Vancouver 
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antimony halide by solution from spent 
catalyst components in the scrubbj 
zone, passing the hydrocarbon contain. 
ing dissolved catalyst components com. 
prising antimony halide from the scrub. 
bing zone to the conversion zone, pass. 
ing hydrocarbon reaction. products ig 
admixture with a portion of the remain. 
ing catalyst from the conversion zone to 
a vaporizing zone, separating a vapor 
fraction comprising hydrocarbon reaec- 
tion products from a liquid fraction 
comprising fluid catalyst in the vaporiz- 
ing zone, passing. said liquid fraction 
from the vaporizing zone to the con. 
version zone, and condensing and re 
covering said hydrocarbon reaction prod- 
ucts. 











































U.S.P. 2,361,368. Hydrocarbon Conver- 
sion. B. L. Evering and E. L. d’Ou 
ville to Standard Oil Company (In- 
diana). 

A combination alkylation and _ iso- 
merization process:is described. In order 
to remove branched-chain hydrocarbons 
from a naphtha, it is alkylated and the 
alkyl hydrocarbons are separated by dis- 
tillation. The largely straight-chain 


paraffinic hydrocarbons are then iso- 
merized. 


U.S.P. 2,361,452. Isomerization Process. 


C. L. Brown to Standard Oil Devel- 

NITROGEN GENERATORS ==: 
A liquid-phase isomerization reaction 
is carried out by passing paraffin hydro- 
carbons containing at least four C atoms 
aud per mol into a liquid reaction mixture 
containing a Friedel-Crafts type catalyst 
and a concentration of an alkyl halide 
which is at least 50 percent by weight 
of the hydrocarbon present. The prod- 
uct of reaction is passed into vapor 
phase, separated and all alkyl halide is 





In Both Standard and Special Models secyeted to Che reMaes same 
7 U.S.P. 2,361,508. Promoted Isomeriza- 
SEES from 1,000 fo 100,000 CFH. tion Reactions. E. E. Stahly and K 
Larger capacities to order C. Laughlin to Standard Oil De- 


velopment Company. | 
N-paraffin is: isomerized by contact 


Extreme flexibility in operation under varying loads and with about 100 percent of its weight of 
economy of gas consumption with waste due to venting A1Cl; and between 1-5 percent of its 
. eat — ‘ . a weight of a chloride of an element taken 
residues minimized. Automatic in action with every avail- from the group consisting of titanium, 
able safety device while working always under close control silica, tin, vanadium, cobalt, tantalum, 
he high li . antimony, bismuth, uranium, tellurium 
assures the highest quality inert gas. and nickel and between 15-25 percent o! 


its weight of HCl. The reaction tem- 


Because of the many uses to which these machines may be perature is about 60-175° F. and enough 


assigned including the purging of all manner of pipe lines pressure is supplied to maintain liquid 
and containers, the blanketing of tanks, kettles and flam- nace 

mable liquids, and, for the inerting of all hazardous spaces U.S.P. 2,361,612. Catalyst for the Iso- 
and operations, Kemp Inert Gas Producer has established merization of Olefins. H. E. Drennan 


to Phillips Petroleum Company. 


a standard of operation for industry. When inert substances such as petro- 
leum or coal coke are mapenmsates = 

7 ee a mixture of phosphorus pentoxide an 

A specially prepared BULLETIN No. F 901.4 giving a high-maltion petroleum. the, on eel 
complete details of these unusually adaptable catalyst is produced for the isomeriza 
machines will be forwarded upon request. . tion of l-olefins at low temperatures 


30-100 parts of tar are mixed with 1 
parts of phosphorus pentoxide and the 
resulting mixture is admixed with pat 
ticulate coke in proportions such that 


The ° ee ee 
the phosphorus pentoxide is present 
C. M. KEMP Manufacturing Co. Se non oe ae 


mass. The mass is heated to 600-750° F 








* Ee &. Colvae Se. BALTIMORE 2, MD. to convert the tar to coke. 
* geoptguaaaec or Aon U.S.P. 2,361,613. Isomerization of Hy- 
FLAME ARRESTORS . ATMOS GAS PRODUCERS drocarbons. H. E. Drennan to Phillips 
DYNAMIC DRYERS * INDUSTRIAL CARBURETORS, Petroleum Company. — 
Olefins are isomerized at 50-450 
BURNERS AND FIRE CHECKS * STEREOTYPE POTS and about 300 psi with a catalyst com —_ 






sisting of anhydrous magnesium oxiee, 
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it slams the door on fire! 


HEN fire breaks out in a room housing 

flammable liquids or electrical equipment, 
the Kidde fire-extinguishing system works at top 
speed... and efficiency ... whether the room is 
open or closed. 

But often, the safety of nearby workers — or 
the protection of adjacent equipment — calls for 
a still further precaution — complete isolation of 
the room itself. 

Kidde equipment can do that job too! 

Pressure of the same carbon dioxide that 
smothers the flames actuates trips that allow fire 
doors and windows to close. Pressure-operated 
switches turn off ventilating fans... shut down 
machinery. When protected spaces are occupied 
time delay mechanisms are provided to permit exit 


from the space before extinguishing takes place. 

Meanwhile the carbon dioxide gas, penetrating 
every corner of the room, kills the blaze in a 
matter of seconds. 

There may be a room in your plant that calls 
for this combination of fast fire-fighting and 
automatic isolation. Or other fire hazards that 
can best be protected by Kidde portables, wheeled 
units, local application systems. Ask a Kidde 
representative to recommend the right protection 
for each danger area in the Beste list. 


* + 


KIDDE KILLS TOUGH FIRES in Storage siniln Pump 
Rooms, Tank Trucks, Electrical uipment, Paint 
Storage, Antifreeze Rooms, Pipe Line Pumping Sta- 
tions, Case and Can Rooms, Control Rooms, Labora- 
tories, and Bulk Plants. 


Walter Kidde & Company, Inc., 1148 Main Street, Belleville 9, New Jersey 


The word “‘Kidde” and the Kidde seal are trade-marks of Walter Kidde & Company, Inc. 


Kidde 
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America’s most universally used Union! 
A partial list of proven services: Pres- 
sures from a vacuum to 3000 lbs. Tem- 
peratures from 100° below zero F. to 
1000° above zero F. Steam, Gas, Air, 
Oil, Gasoline, Ammonia, Chemicals, 
and all service in which Steel or Wrought 
Iron Pipe is used. Made to A.A.R. 
Standards and priced in line with 300 lb. 
A.A.R. Malleable Iron Unions. 


Write for Pamphlet AM-67 


Socket Weld uno» 


This is our ““PETRO UNION” with the 
end pieces reamed to U.S. Navy Speci- 
fication B-173 for socket welding. Ends 
squared to facilitate welding. It has 
permanently lubricated nut threads 
and machined and cold rolled steel seats. 


Write for Pamphlet AM-67. 


Handle-Bar uno» 


4000 AND 6000 TEST 
4000 Test: Sizes %%" to 144" V-thread 
in nut. 

4000 and 6000 Test: Sizes 2” to 4” 
modified Acme Threads in nut. 

Steel to steel, or bronze to bronze cold 
rolled seats. Permanently lubricated 
nut threads. To tighten, or loosen the 
nut, USE A HAMMER INSTEAD 


OF A WRENCH. SIZES 
Write for pamphlet 4P-HB. Vy" to 4" 


ORDER BY TRADE NAME FROM YOUR JOBBER 
ORIGINATORS AND PIONEERS OF FORGED STEEL UNIONS 


CLAYTON MARK & COMPANY 


1900 DEMPSTER STREET © EVANSTON, ILLINOIS 








which may be either synthetic or pre. 
pared by heating brucite to 1400° F. 


U.S.P. 2,361,755. Production of Iso. 
Paraffins, E. W. M. Fawcett and E. § 
Narracott to Anglo-Iranian Oil Com 
pany. 

Isomerization of n-paraffins is car- 
ried out by passing the dried paraffins 
in admixture with a stream of anhy- 
drous hydrogen halide at 100-300° ¢ 
over a solid, substantially dehydrated 
catalyst, consisting of active alumina. 
The catalyst may be alumina gel, baux- 
ite or a porous carrier impregnated with 
alumina and is dehydrated by heating 
to 500° C. at atmospheric pressure or to 
200° C. in the vacuum. 


U.S.P. 2,363,858. Hydrocarbon Treat. 
ment. S. C. Fulton and T. Cross, Jr 
to Standard Oil Development Com 
pany. 

An isomerization catalyst is prepared 
by impregnating silica gel with a solu 
tion of AICI; in a liquid chlorinated 
hydrocarbon, such as ethyl chloride. 
The solvent is then evaporated and the 
isomerization reaction carried out at 
400° F. and atmospheric pressure. 


U.S.P. 2,364,106. Hydrocarbon Conver- 
sion. E. Solomon, H. J. Passino and 
L. C. Rubin to The M. W. Kellogg 
Company. 

Paraffins and cycloparaffins are con- 
tacted at elevated temperature with a 
non-gaseous metal halide insomerization 
catalyst in combination with a support- 
ing material comprising a plurality of 
film granules, each consisting essentially 
of at least 75 percent of finely divided 
carbon black intimately mixed with a 
minor proportion of a finely divided 
binder material. 


U.S.P. 2,364,583. Catalytic Conversion. 
M. de Sino and H. A. Cheney to 
Shell Development Company. 
Isomerization of n-paraffins is carried 

out using a solid alumina supported 

AIC; catalyst and HCl promoter. Wa- 


| ter vapor is passed at 200° C. through 
| spent catalyst beds and the HC1 formed 


is used as promoter for the isomeriza- 
tion reaction. The steamed alumina is 
dried at 375° C. and reimpregnated 
with A1Cls. / 


U.S.P. 2,365,894. Isomerization of Naph- 
thenes. W. J. Mattox to Universal Oil 
Products Company. 
Alkylcyclohexane is isomerized with 

a silica-alumina catalyst at 250-550° © 

Naturally occurring earths and clays oF 

synthetic catalysts may be employed. 


U.S.P. 2,365,917. Isomerization of Hy- 
drocarbons. C. L. Thomas to Unr 
versal Oil Products Company. 
Hydrocarbons to be isomerized are 

subjected in admixture with a hydrogen 

halide promoter to contact with granulaf 

metal halide catalyst in a series of i 

terconnected reactors. The hydrogen 

halide is generated by the action of @ 
mineral acid such as sulfuric acid oF 
phosphoric acid upon a portion of the 
metal halide catalyst substantially spent 
in respect to its isomerization activity. 


U.S.P. 2,366,699. Production of Isoparaf- 
fins. L. O. Crockett and L. V. Frank 
lin to Gulf Oil Corporation. 

A method of producing lower isoparat 
fins, which comprises maintaining com 
tact in an unfired conversion zone 
tween aluminum chloride and a paral 
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Frees A COMPLETE 
SELECTION 


OF 90° WELDING ELBOWS 


LONG RADIUS LONG RADIUS 
AMERICAN STANDARD m2 LONG TANGENT 3 Be 








SIZES: 3/4” TO 12”, INCLUSIVE 


ir the 


All dimensions conforn 
American Standard for Stee! Butt 
Welding Fittings ASA B16.9 

order specifies otherwise 

ASA Elbows’ will be furt 


4) SHORT RADIUS LONG RADIUS 
LONG TANGENT REDUCING 


SIZES: 14” TO 24”, INCLUSIVE SIZES: 2°. TO 12''*, INCLUSIVE 


i516 @) DR ipa-t Mel d-Msslelamaele lit oli] Only Midwest makes the reducing 
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IN ALL TYPES 
OF INDUSTRIES 
RELY ON 


PALMER 


RARAAR 


PALMER “Red-Reading-Mercury” Thermometers are created by 


the skilled hands of Master Craftsmen, who produce Instruments 
for Temperature Indication and Recording that are dependably 
accurate .. . ALWAYS. 


out exception, use PALMER Thermometers in 
the products they make. Easier reading, lower 
maintenance and rugged construction make 
them a basic part of many of the world’s finest 
products. 





Whether it is a “Red-Reading-Mercury” indus- 
trial Thermometer, a PALMER “Superior” Re- 
cording or Dial Thermometer, engineers all 
over the world specify PALMER for accuracy 
and dependability. 


Let us help you solve your Peacetime Tempera- 
ture problems. 





Write for Catalog 




















| the velocity, so that a substantially uni- 


| employing AlCl; as a catalyst, some 


Leaders in practically all Industrial Fields, with- | 
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finic petroleum oil in a ratio of aboy 
1 to 2 parts by weight of aluminum 
chloride per 10 parts by weight of petro. 
leum oil, maintaining in said conversion 
zone a temperature of about 550° to 
650° F. and a pressure of about 25 ty 
150 psig, withdrawing a _ substantially 
uncoked mixture of oil and aluminum 
chloride and supplying it to a coking 
zone, passing the vapors from said*cop- 


| version zone and said coking zone into 
| a substantial pool of oil in an activyat. 
| ing zone in contact with a fresh feed 
| of paraffinic petroleum oil, maintaining 


in said activating zone a_ temperature 


| of about 200° to 350° F. and a pressure 


of about 5 to 15 psig, condensing in said 
activating zone substantially all of the 
aluminum chloride in said vapors, cop- 
densing the conversion product vapors 
boiling higher than gasoline, returning 
the condensed aluminum chloride witha 
heated stream of fresh feed oil to said 
conversion zone, and returning to said 
conversion zone at least the major por- 
tion of the condensed conversion prod- 
ucts boiling higher than gasoline. 


U.S.P 2,367,333. Isomerization of Hy. 
drocarbons. J. R. Callaway and W.E 
Skelton to The Texas Company. 

Tn an isomerization process, using a 
solid pulverulent catalyst the improve- 
ment is described, which comprises 
maintaining a relatively high lineal veloc- 
ity of hydrocarbon flow through the 
mass in the initial stage of the reac- 
tion zone and progressively decreasing 


form rate of conversion exists. 


U.S.P. 2,368,733. Isomerization of Hy- 
drocarbons. C. W. Watson to The 
Texas Company. . 


In vapor-phase isomerization processes 


sublimed A1Cls is usually carried out 
ot the reaction zone with the exit gas 
and A1Cl; is deposited in the lines. To 
avoid this, liquid hydrocarbons are in- 
troduced substantially immediately ad- 
jacent to the exit from the reaction zone 
in sufficient amounts to dissolve all 








A1Cl;. After condensing all hydrocar- 
bons, A1C1; is chemically removed and 
part of the unconverted hydrocarbons 
are recycled to the inlet adjacent to the 
exit from the reaction chamber. 


U.S.P. 2,370,118. Isomerization Process. 
W. N. Axe to Phillips Petroleum 
Company. 

N-butane is isomerized to i-butane 
with a catalyst consisting of water 

saturated with boron trifluoride at 100- 


400° F. and 50-500 psi. 


U.S.P. 2,371,726. Conversion of Hydro- 
carbons. C. H. Alberding to Universal 
Oil Products Company. 


A combination desulfurization and iso- 
merization process is described in which 
cracked gasoline is desulfurized with 
bauxite at 400-800° F. and 50-200 psi an¢ 
the highly olefinic product isomerized 
at 800-1200° F., utilizing the heat of de 
sulfurization, with a silica-alumina cat 
lyst under about 1-50 psi. 


U.S.P. 2,373,063. Isomerization of Hy- 
drocarbons. E. E. Stahly and L. & 
Pirkle to Standard Oil Development 
Company. 
An isomerization catalyst consisting 

of 100 parts by weight of alumin 

halide, 100-300 parts of low-molecular 

weight paraffin hydrocarbons and 0-H 
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parts of a halogen is used at a tem- 
perature of about 100° F. 


U.S.P. 2,373,295. Conversion of Paraffin 
Hydrocarbons. P. L. Cramer and C. 
R. Begeman to General Motors Cor- 
poration. 

Paraffin hydrocarbons are isomerized 
with an aluminum halide catalyst in the 
presence of 0.2-3 mol percent of an 
aluminum alcoholate as promoter. 


US.P. 2,373,674. Production of High 

Octane Paraffinic Gasolines. C. C. 
Crawford, D. L. Fuller and B. S. 
Greenfelder to Shell Development 
Company. 


A combination hydroforming and iso- | 


merization process is described. 


US.P. 2,374,507. Hydrocarbon Conver- 


sion. W. A. Schulze to Phillips Pe- 

troleum Company. 

A C, fraction is isomerized in a proc- 
ess in which use is made of a very 
finely divided mixture of an aluminum 
halide and a selected solid inorganic 
filler material (such as dehydrated bruc- 
ite) combined with a portion of the 
liquid hydrocarbon feed stock. A slurry 
is formed which may be pumped in con- 


tact with the main hydrocarbon feed | 


stream, The reaction takes place at 150- 
700° F. and at about 150 psi pressure. 
The contents of the reaction zone are 
agitated so as to maintain substantially 
all of the active catalyst in suspension 
but to allow aggregates of coalesced 
substance to settle. 


U.S.P. 2,373,740. Conversion of Hydro- 
carbons. S. F. Birch and D. M. Besly 
to Anglo-Iranian Oil Company. 
Dimethyl pentane is isomerized with 

a catalyst selected from the group con- 

sisting of concentrated sulfuric acid, 

halosulphonic acid and hydrogen fluor- 
ide. Temperatures range from —10 to 
50° C. and acid to hydrocarbon ratio 

is 1:1. 


Sees Synthetic Rubber 
As Firmly Established 


Synthetic rubber has permanently es- 
tablished itself as a basic raw material, it 
was reported October 21 by the Rubber 
Manufacturers Association, and with the 
development of the lower cost petroleum 
base butadiene which is now being used 
in some of the most efficient government 
plants, will be able to compete with 
natural rubber on a price basis. 


The report was based on a survey | 
measuring the performance of synthetic | 
rubber between the time Japanese con- | 


quest of the Far East forced the United 
States into its production and V-J Day. 


“Our study discloses a continuing de- | 
mand for synthetic rubber in products | 


requiring its special properties of high 
resistance to abrasion, oil and corro- 
sives,” A. L. Viles, president of the as- 
sociation, said. “Superior performance in 
these uses is certain to give synthetic 
tubbers a constantly expanding position 
in world economy.” 

Outlining developments which have 
made butyl rubber the number 1 inner 
tube material and have greatly improved 
ire rubbers, Viles said: “With research 
now ireed to seek new and better poly- 
mers there is sound basis for the belief 
that new synthetic rubbers with broader 
helds of use and service are on the way. 
Among the promising new _ synthetic 
rubber already in development, the 
chlorostyrene group, a modified GR-S 
'ype, is building impressive records in 
early laboratory tests.” 


November, 1945—A Gulf Publishing 





BB> =Double rows of Ball Bearings 
EP =Effective Packing Element 
P/V=Pressure or Vacuum 

T =Low Torque under all conditions. 





-CHIKSAN FORMULA for PERFECT FLEXIBILITY 


meets Chemical Industry's demands... 


CHIKSAN Ball-Bearing Swivels are widely used throughout 
the Chemical Industry on loading and unloading lines, on 
process equipment...in every place where perfect flexibility 
with low torque is required under pressure or vacuum, Built 
of malleable iron, steel, special alloys, bronze or aluminum, 
Chiksan Swivels are used on flexible lines handling acids, al- 
kalies, gasoline, oil, steam and many other liquids, gases and 

vapors under pressures to 3,000 p.s.i. and varying temperatures. — 
The performance of Chiksan Ball-Bearing Swivels in the 
Chemical Industry under the most severe conditions proves their 
ability to meet your requirements under your conditions...no 
matter how rugged they may be. Write for Catalog. 


CHIKSAN REPRESENTATIVES IN PRINCIPAL CITIES 
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journals are not included. 


cost by the Laboratories. 





The abstracts here presented are selected from the current 
literature of science and technology to afford reference to 
fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade 


Photostat copies of original articles will be supplied at cost 
by The Leslie Laboratories.. Complete or limited bibliographies 
covering special topics by title, by abstracts, or in complete 
manuscript, will also be prepared and furnished at reasonable 











Fundamental Physical and Chemical Data 





Thermodynamic Properties of Meth- 
ane at Low Temperature. W. H. Cor- 
corAN, R. R. Bowres, B. H. Sace, anv 
W. N. Lacey. Ind. & Eng. Chem. 37 
(1945) pp. 825-28. 


The more recent thermodynamic data 
on methane were used in preparing a 
temperature-entropy diagram for the 
low temperature region, in terms of 
English units. The thermodynamic 
properties of methane above 70° F. have 
been tabulated, by several authors. 
Similar information for temperatures 
below 70° F. have not been available. 
The thermodynamic properties of meth- 
ane from 70° F. to —230° F. and from 
atmospheric pressure to 1400 pounds per 
square inch absolute were derived from 
data existing in the literature and are 
presented in tabular and graphical form. 
A bibliography of 11 references is in- 
cluded. Table 1 gives the calculated 
thermodynamic data for methane in 
single phase region. Table 2 of the 
article gives the thermodynamic proper- 


ties of saturated gas and _ saturated 
liquids, as well as critical constants. 
Figure 1 presents a_ temperature-en- 


trophy diagram of methane in low- 
temperature region. The diagram shows 
lines of constant pressure enthalpy, 
volume, and quality. 


Vapor-Liquid Equilibria in Mixtures 
of Volatile Paraffins. G. H. HANson AND 
G. G. Brown, Ind. & Eng. Chem. 37 
(1945) pp. 821-25. 


Two five-component solutions of vola- 
tile paraffin hydrocarbons were pre- 
pared having critical temperatures of 
approximately 100° F. and critical pres- 
sures of about 2000 pounds per square 
inch absolute. Vapor-liquid equilibrium 
determinations were made using the two 
solutions at 100° F. and at pressures up 
to that of the single phase. Equilibrium 
constants at 100° F. of these two solu- 
tions were compared with equilibrium 
constants of a binary and a ternary solu- 
tion, each of which has a critical tem- 
perature of 100° F. and a critical pres- 
sure of approximately 2000 pounds per 
square inch absolute. Within the limits 
of the error of the experiment it ap- 
pears that the equilibrium constants of 
the volatile paraffin hydrocarbons in the 
binary or complex solutions of paraffins 
are defined by specifying the tempera- 
ture, pressure, and “convergence pres- 
sure” corresponding to the temperature 
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of the equilibrium. The convergence 
pressure is the critical pressure of a 
solution at its critical temperature. At 
any other temperature the convergence 
pressure is the pressure at which the 
equilibrium constants appear to con- 
verge to unity. The hydrocarbons in 
the solutions used were methane, ethane, 
propane, n-butane, n-pentane, and 
n-hexane. The.apparatus used in the 
work is described, and the data are pre- 
sented in some detail in tabular and 
also in graphical form. 


Phase Behavior of Binary Carbon 
Dioxide-Paraffin Systems. F. H. Poetr- 
MANN AND D. L. Katz. Ind. & Eng. 
Chem. 37 (1945) pp. 847-53. 


The vapor-liquid equilibria and critical 
loci of the binary systems carbon di- 
oxide-propane, carbon  dioxide-butane 
and carbon dioxide-pentane were de- 
termined. The complete transition from 
the carbon dioxide-ethane system which 
forms constant-boiling mixtures to the 
carbon dioxide-pentane systém which 
has normal behavior is shown. The ex- 
perimental data are presented in con- 
siderable detail in tabular form, and the 
results are also shown in nine figures 
showing critical loci, isotherms, pres- 
sure-temperature diagrams and vapor 
equilibrium data for the several systems 
investigated, A bibliography of 31 refer- 
ences is included. 


Ternary Mixtures of Three Isomeric 
Hexanes. V. A. Mitrer. Ind. & Eng. 
Chem., Anal. Ed. 17 (1945) pp. 566-68. 


Solution temperature measurements 
were made using all the isomeric hex- 
anes with both nitrobenzene and diethy| 
phthalate. Data are presented that make 
it possible to analyze a hexane ternary 
mixture composed of 2,2-dimethylbutane, 
2,3-dimethylbutane, and 2-methylpentane 
in approximately one hour and with an 
accuracy of 0.5%. The procedure is de- 
scribed in some detail and typical data 
are presented in tabular and graphical 
form. 


Composition of Vapors from Boiling 
Binary Solutions. D. F. Ornmenr, N. 
SHLECHTER, AND- W. A. Koszaxa. Ind. & 
Eng. Chem. 37 (1945) pp. 895-900. 

Butadiene can be made by the pyro- 
lysis of butylene glycol diacetate. Buty- 
lene glycol is recovered by extraction 
and distillation procedures from fer- 
mentation liquors, and then is esterified 
to the diacetate. In order to furnish data 
for the design of the evaporation and 
distillation equipment required, vapor- 


liquid equilibrium relations were de- 
termined for the systems  water-2,3- 
butylene glycol, acetic acid-2,3-butyl- 


ene glycol diacetate, 2,3-butylene gly- 
col-2,3-butylene glycol diacetate, me- 
thyl vinyl carbinol acetate-2,3-butylene 
glycol, and methyl vinyl carbinol ace- 
tate-acetic acid. The data were deter- 
mined at atmospheric and several sub- 
atmospheric pressures. The results ol 
the work are presented in considerable 
detail in tabular and graphical form. 





Chemical Compositions and Reactions 





The Cyclic Dimerization of Isobutyl- 
ene. J. B. McKIn.ey, D. R. STEVENS AND 
W. E. Batpwin. Jour. Amer. Chem. Soc. 
67 (1945) pp. 1455-59. 


A study of the thermal polymeriza- 
tion of isobutylene was made at tem- 
peratures of 370 to 460° C., and pres- 
sures of 540 to 5350 1b./sq. in. The time 
involved ranged from one-half to four 
hours. Under these conditions a cyclic 
dimer, 1,1,3-trimethylcyclopentane, was 
found to be the main reaction product. 
When the reaction was effected at 400° 
under 540 pounds per square inch pres- 
sure for one hour, 1,1,3-trimethylcyclo- 
pentane was 45.9% of the total. liquid 
product. Mechanisms are proposed to 
explain the formation of the compound 
from isobutylene. A conventional syn- 
thesis of the trimethylcyclopentane, that 





resulted in the identification of the cyclic 
dimer, is described. In the course of the 
synthesis, a new substance, optically im- 
active 1-chloro-1,3-dimethylcyclopentane, 
was also prepared. 


The Metalation of Isopropylbenzene, 
Condensations by Sodium. XXIX. A. A. 
Morton, J. T. MASSENGALE AND M. L 
Brown. Jour. Amer. Chem. Soc. @ 
(1945) pp. 1620-21. 

The reaction of amylsodium in 1s0- 
propylbenzene was studied. The post 
tion at which amylsodium attacks 180- 
propylbenzene. is largely para but to 
some extent ortho to the isopropy! 
group. The yields of the product is good 
if the hydrocarbon is made the solvent 
and the reaction mixture is allowed to 
stand overnight, and is fair if isoprop- 
ylbenzene is added to amylsodium an 
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HEN your Girbotol plant is engineered by 
Girdler specialists in gas processes, you get more 
than a plant. You get the full benefit of experience, a 
kind of experience that can never become common 
property. 

Girdler men originated the Girbotol Process. Having 
been at it since the beginning, having planned hun- 
dreds of installations in many variations, they are 
equipped with the working knowledge and facilities 
with which to provide a correct and complete answer 
to your particular problem. 


OF THE GIRBOTOL 
PROCESS FOR THE 
EFFECTIVE, ECONOMICAL 
REMOVAL AND RECOVERY 


OF HYDROGEN SULPHIDE AND CARBON DIOXIDE 


Although Girbotol plants are alike in principle, small 
variations in operating conditions can make big differ- 
ences in plant design. Girdler men know the “differ- 
ence”—in gas processes generally, as well as the Gir- 
botol Process. 


Girdler offers other processes for gas manufacture, purifi- 
cation, separation and dehydration. Consult us on your 
problems concerning hydrogen sulphide, carbon monoxide, 
carbon dioxide, natural gas, refinery gases, liquid hydro- 
carbons, hydrogen, nitrogen. 


WE DON’T GUESS ABOUT GAS 







CHEMICAL 
ENGINEERS 
AND 
CONSTRUCTORS 







N ovember, 


1945—A Gulf Publishing Company Publication 





The GIRDLER CORPORATION 


Gas Processes Division, Dept. PR-11, Louisville 1, Ky. 
New York Office. . . 150 Broadway, New York 7, N.Y. 








LAYNE WATER SYSTEM 


“Centervilles" throughout the nation are 
rapidly graduating from town-pump villages. 
Their growth and stability as cities of lovely 
homes, fine business houses and progressive 
citizens has called for the installation of a 
modern water system. Officials of 'Center- 
ville" are beginning right—taking no 
chances on water supply failure—expensive 
operation, or short life of wells and pumps. 
They are putting in a Layne Well Water 
System. Investigation has shown “Center- 
ville's" officials that a Layne Well Water 
System is easily within their means and is a 
sound and profitable investment. 

These same kind of Layne Well Water 
Systems and Layne Vertical Turbine Pumps 
are serving the nation's largest cities—the 
greatest industries, biggest railroads, and 
the most extensive irrigation projects. Layne 
water producing equipment enjoys the repu- 
tation of being the world's best—and that 
reputation is constantly growing stronger 
and stronger. 

Layne offers fine and always dependable 
Well Water System counsel with no obliga- 
tion, For further facts, catalogs, etc., ad- 
dress Layne & Bowler, Inc., General Offices, 
Memphis 8, Tenn. 


HIGHEST EFFICIENCY 


Layne Vertical Turbine Pumps are 
now available in sizes to produce 
from 40 to 16,000 gallons of water 
per minute. Their high efficiency 
saves hundreds of dollars on power 
cost per year. 

AFFILIATED COMPANIES: Layne-Arkansas Co., 
Stuttgart, Ark. * Layne-Atlantic Co., Norfolk, 
Va. Layne-Central Co., Memphis, Tenn. * 
pavpe-stertnern Co., Mishawaka, Ind. * Layne- 
5 


Louisiana Co., Lake Charlies, La. * Louisiana 
Well Co., Layne-New York Co., 





Monroe, La. 
New York City * Layne-Northwest Co., Mil- 
waukee, Wis. * Layne-Ohio Co., Columbus, Ohio 


~ ° Layne-Western 
Co. of Minnesota. Minneapolis, Minn. * Interna 
tional Water Supply Ltd., London, 
Canada * Layne-Hispano Americana, 
Mexico, D. F. 





WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 
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| Distillation Correlation. J. A. 


the general 


is much 


cause of the two additional methyl 


| groups. As the acidity in the side chain 


is repressed, that in the ring becomes 
more apparent. 


Polymerization of Nitroolefins. The 
Preparation of 2-Nitropropene Polymer 
| and of Derived Vinylamine Polymers. 
A. T. BLomgutst, W. J. Tapp Aanp J. R. 


Jounson. Jour. Amer. Chem. Soc. 67 


(1945) pp. 1519-24. 


2-Nitropropene undergoes a smooth 
and rapid polymerization in the presence 
of aqueous potassium bicarbonate solu- 
tion. Catalytic hydrogenation of 2-nitro- 


| propene polymer in dioxane with Raney 


nickel under mild conditions affords a 
water-soluble polymer that appears to be 
a linear polymer with primary amine 
groups, composed of 24-28 recurring 2- 
aminopropene units. Hydrogenation of 
the nitroolefin polymer under more dras- 
tic conditions 1s accompanied by exten- 
sive deamination and yields a lower 
molecular weight dioxane-soluble polya- 
mine as well as a dioxane-insoluble pro- 





the mixture is heated. The position tak- 
en by the metal ion is in agreement with 
repression of activity to- 
ward acid-salt interchange that accom- 
panies the introduction of methyl groups 
into a hydrocarbo acid. In this instance 
the acidity of the side chain in cumene 
less than that of toluene be- 








duct. The dioxane-soluble polyamines 
have been characterized by the forma. 
tion ef phenylurea, phenylthiourea anq 
p-bromophenylurea derivatives. 


Condensation of Saturated Hydro. 
carbons with Halo-olefins. I. The Re. 
action of Isobutane with Vinyl Chloride 
and Allyl Chloride. L. ScHMERLING. Joy. 
Amer. Chem. Soc. 67 (1945) pp. 1438-4}. 


Investigation of the consendation of 
saturated hydrocarbons with halo-ole. 
fins has led to a new method for the 
preparation of saturated halo-hydrocar. 
bons as well as to an insight into the 
mechanism of the reactions. The author 
describes the results obtained by the 
interaction of isobutane with vinyl and 
allyl chlorides in the presence of alumn. 


num chloride. At—10° C. a 35-40% 
yield of 1-chloro-3,4-dimethylpentane 
and a 13-15% yield of 1,2-dichloro- 


4,4-dimethylpentane was obtained. Ata 
higher temperature, as for example 0-5° 

the product consists essentially of 
paraffinic hydrocarbons because of the 
interaction of the chloroheptanes with 
the isobutane. The principal product of 
the reaction of isobutane with vinyl 
chloride at—10° C. in the presence of 
aluminum chloride is 1,1-dichloro—3}- 
dimethylbutane, which substance is ob- 
tained in 40% yield. A reaction mecha- 
nism is proposed and evidence in sup- 
port thereof is presented. 





Manufacture: Processes and Plant 





Batch Steam Distillation Nomograph. 
M. Noro. Ind. & Eng. Chem. 37 (1945) 
p. 854. 


In the steam distillation of a volatile 
component from its solution in a non- 
volatile liquid, it is frequently desired 
to calculate steam requirements for a 
given change in still composition, or to 
determine the number of moles of vola- 
tile component remaining in the still 
after a given number of moles of open 
steam have been used in the distillation 
of a solution of known original compo- 
sition. A nomograph is given that elimi- 
nates the trial and error of the usual cal- 
culations and permits rapid determina- 
tion of the quantity desired, Derivation 
of the equation used in the construction 
of the nomograph is given. 


Relationship between H.T.U. and 
Theoretical Plate Methods in Column 
GERSTER, 
J. H. Korrort, anp J. R. WitHrow. Trans. 
Amer. Inst. of Chem. Engrs. 41 (1945) 
pp. 393-419. 

The purposes of the paper are: (1) 
to show the relationships, implications, 
generalities, and approximations exist- 
ing between overall column efficiency, 
Murphree plate efficiency, and H.T.U. 
(height of transfer unit) methods in 
evaluating plate column still perform- 
ance and design; (2) to demonstrate 
that overall column efficiency as normal- 
ly used in the literature is apparently not 
a constant value but varies with “m”, 
the slope of the vapor-liquid equilibrium 
curve, and “V/L”, the vapor-liquid ra- 
tio; (3) to propose that if it is desired 
to use the theoretical plate method in 
reporting plate column performance 





characteristics, the term P.E.T.P., num- 
ber of actual plates per number of theo- 
retical plates be used with mV/L term 
stated, in place of the misleading over- 
all- column efficiency term, Eo, which is 
a reciprocal of P.E.T.P.; (4) to call at- 
tention to several further points con- 
cerning the use of the P.T.U. method for 
plate column distillation. The degree of 
parallel relationship between theoretical 
plate and transfer unit methods are 
shown theoretically and experimentally 
Results of the experimental work are 
presented in some detail in tabular and 
graphical form, and a bibliography of 24 
references is included. 


Liquid-Liquid Extraction Data. D. F. 
OtHMER, W. S. Bercen, N. SCHLECHTER, 
AnD P. F. Brutns. Ind. & Eng. Chem. 3] 
(1945) pp. 890-94. 


A typical liquid-liquid extraction 0p 
eration is described. Butadiene can bt 
secured by the pyrolysis of the diacetate 
of 2,3-butylene glycol. This glycol 5 
formed in the process of fermentation 
of grain or molasses and can be t 
covered by extraction from the fermet 
tation liquors. Several ternary liquid sys 
tems were studied, including glycol, 
water, and various solvents that migh! 
be suitable for extraction, such as buty! 
alcohol, butyl acetate, butylene glyc? 
diacetate, and methyl vinyl carbinol act 
tate. Data were secured for constructing 
the ternary diagrams,  distributio 
curves, and related plots, as well as {0 
small-scale extractions at room temper 
ture and higher temperatures. The & 
perimental work permitted the evalué 
tion of the respective advantages of the 
solvents and the selection of operatitt 
temperatures; it also formed a back- 
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PILOT FEATURES 


Diaphragm mounted 


(as 


ilustrated) or remote panel 


mounted. 


Weather proof case and 
gauge housing for outdoor 


installation. 


Thumb screw adjustment of throt- 


ling range. 


Vernier screw adjustment of con- 


trolled pressure. 


Highly sensitive Bourdon Tubes 
of bronze or steel for controlled 
pressures up to 10,000 PSI. 


Operating medium regulator 


siandard equipment. 


Pressure Regulator for 
igh pressure field serv- 
ice a complete con- 
trol unit using high 
pressure gas as operat- 
ing medium. 


Pilot Operated Dia- 

Phragm Control Valve 

for full throttling re- 

ducing or back pres- 

_ Service on all 
s. 


Pilot operated Butter- 
fly Valve for applica- 
tions where it is de- 
sired to control flow of 
gases under relatively 
lew static pressures, 


Boiler Gas Fuel Cove 
ernor for accurate 
maintenance of steam 
pressures by close con- 
trol of gas pressure te 
the burners, 


Pilot operated regulators of the WIZARD family fit into 
your entire pressure and flow control requirement 
picture whether in the production field, in the refinery, 
in the natural gasoline plant or along the pipe line. 
For every application -— back pressure or reduced 
pressure regulation—-pump governor service—boiler 
gas fuel regulation—gas or oil field high pressure 
control — Fisher offers a Wizard pilot operated con- 
troller for the job. 

No, it isn't a case of fitting a standard type or de- 
sign into a multitude of varying application require- 
ments. On the contrary, the diaphragm valve portion 
of the controller varies extensively in design and con- 
struction with the application—jis correctly sized, 
assembled and tested for the operating conditions 
specified. However, the Wizard pilot, applicable to 
all designs and types, varies only in the: Bourdon 
tube which is individually selected for the pressure 
range encountered. 

For all your pressure and flow control require- 
ments, specify WIZARD and get the beneft of the. most 
accurate and dependable regulation plus the invalu- 
able benefits of one source of guaranteed control 
satisfaction. 


FISHER GOVERNOR CO. 


163 Fisher Building © #$MARSHALLTOWN, 1OWA 


A Gulf Publishing Company Publication 
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HEAT EXCHANGERS 


WRITE FOR QUOTATION 


The above is only a partial list 
of uses for which ADSCO 
builds Heat Exchange Equip- 
ment. If the exact purpose 
for which you require such 
equipment is not listed, 
chances are ADSCO can build 
it. Write for quotation on 
the exact type 
of Heat Ex- 
changer you re- 
quire. 


* 


a ET P'S 
FOR EVERY 
PURPOSE 


* 


\MERICAN DISTRICT STEAM COMPANY 


WAN 





ides and hydrogen, 





ground for the selection and compari- 
son of processes and for the design of 
equipment for extraction and related 
steps in the large-scale manufacture of 
the glycol, the diacetate, or butadiene, 
depending upon which is desired as the 
end product. Data secured in the work 
are presented in tabular and graphical 
form, and suggested flowsheets for -the 
several types of processing are included. 


The Selection of “Separating Agents” 
for Azeotropic and Extractive Distilla- 
tion and for Liquid-Liquid Extraction. 
A. P. Cotpurn anp E. M. SCHOENBORN. 
Trans. Amer. Inst. of Chem. Engrs. 41 
(1945) pp. 421-41. 


The separation of two or more liquids 
can sometimes be greatly facilitated by 
the use of an added component, some- 
times called a “separating agent.” The 
action of a separating agent in opera- 
tions involving vapor-liquid as well as 
liquid-liquid systems is to increase the 
relative volatility or relative distribution 
ratio of the considered components in 
the two phases so that fewer stages and 
less steam are required to make the sep- 
aration, and, in the case of azeotropic 
mixtures, to make separation possible. 
To evaluate this effect it is important to 
establish the values of the activity co- 
efficients of the two or more components 
in a possible separating agent. The paper 
considers, first, convenient means of de- 
termining the activity coefficients of each 
of the compotents separately in a pos- 
sible agent, and second, estimation of the 
mutual effect of the compotents on their 
activity coefficients in the agent. The 
simplest method of accumplishing the 
first objective is shown to be, in case 
of partially miscible agents, the applica- 
tion of mutual solubility data. The re- 
lationship of activity coefficients in ter- 
nary mixtures to binary data is explored 
and plots of activity coefficients of 
available ternary data are provided that 
give an indication of the trend of values 
from simple interpolation procedures. 


The Commercial Producion of Pure 
Hydrogen from Hydrocarbons and 


| Steam. R. M. Reep. Trans. Amer. Inst. of 
| Chem. Engrs. 41 (1945) pp. 453-62. 


The reaction of hydrocarbons and 


| steam at 1400 to 1800° F. over a nickel 


catalyst in order to produce carbon ox- 
followed by the 
water gas shift reaction at 800° F. over 
an iron oxide catalyst, has been utilized 


| commercially in this country on a large 


scale since 1930 to produce hydrogen 


| containing 1.0 to 1.5% methane and 1.5 


to 2% carbon monoxide. Calculations 


| with available equilibrium data indicate 


that above 1500° F. methane and steam 


| can produce hydrogen containing less 


than 0.1% methane without the use of 


| excessive quantities of steam. A com- 


mercial plant has recently been placed 
in operation that produces hydrogen of 
purity sufficient for use in vegetable oil 
hydrogenation, i.e., hydrogen containing 
99.9+-% of hydrogen. The raw material 
used is propane, which is desulphurized 
and reacted with steam in two stages, 
after which the crude hydrogen is cooled 
and carbon dioxide removed by scrub- 
bing with monoethanolamine solution. 
The final purification is effected by two 
stages of carbon-monoxide conversion, 
each followed by carbon dioxide re- 
moval. Available data for the equili- 


One of numerous gas proc 
plants designed and constructed 
Petroleum Engineering, Inc. during 
16 years of service to the i 
Petroleum Engineering, Inc. © 
Tulsa and Houston. 
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Trustworthiness in heating equipment means uninter- 


rupted, consistent production at low operating costs. 
Alcorn installations are trustworthy as testified by per- 
formance in major refineries for the past 21 years. 

Alcorn has developed a standardized line of heaters 
(“J” Type) with capacities ranging from 8,000,000 to 
40,000,000 B.T.U's. The “J” type heater is a standard de- 
sign and priced accordingly. Its cost is less than a plant 
engineered heater and results are better. Adapted for 
topping units, re-run units, natural gasoline, absorption, 
and recycling units. 


Let Alcorn solve your heating problems for new units 


or replacements. Send your specifications today. 


ALCORN 


Combustion Company 


lees SCHAFF BUILDING, PHILADELPHIA 
bp Los Angeles + Houston - San Francisco 
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tion can be correlated by the relation. 















ship: ; 
(CO) (HO) 
see euaO8) (Ha) 
= K, = 49.5/e 7350/ (°F .*”) 


This correlation has been checked over 
the temperature range from 80 i. 
1800° F. 


Ethylbenzene Synthesis from Benzene 
and Ethylene with Phosphoric Acid 
Catalyst. W. J. Matrox. Trans. Amen 
Inst. of Chem. Engrs. 41 (1945) pp 
463-78. 


The author describes the use of solid 
phosphoric acid catalysts to effect the 
direct combination of ethylene and bene 
zene to form ethylbenzene. Experimege 
tal data show ethylbenzene yields of 2) 
pounds per pound of catalyst in contin 
ous operation without catalyst reactiva: 
tion. The catalyst cost is low and dogg 
not appear to justify its reactivation. 
process has been operated to produce 
in a single pass, alkylbenzene fractions: 
containing 95% of monoethylated ben 
zene. Modifications are described where 
by the ethylbenzene yields obtained ata 
given benzene; ethylene ratio are in 
creased by multiple stage operations, 
The successful operation of the process 
with gases of low ethylene concentration 
of the order of 10-15 mold % has been 
demonstrated in several tests that indi- 
cate that without preliminary concentra- 
tion the commercial utilization of the 
ethylene contained in such gases is prac- 
tical. The alkylation of benzene with 
cracked refinery gas containing ethylene 
and propylene has been effected under 
conditions that sini:ultaneously converted 
both olefins and under conditions that 
selectively converted only the propylene. 


Lubricating Greases. A. S. C. Law- 
RENCE. Jour. Inst. Petr. 31 (1945) pp. 
303-14. 

The author discusses the fundamental 
phenomena having to do with the physi- 
cal properties of greases. In considering 
phase changes it is noted that at some 
temperature the grease is liquid, and 42 
below this temperature it becomes a gel. 


Upon further cooling to another very The 
definite temperature for the given grease, in th 
crystals of soap are formed. A large 4 
change in physical properties occurs at ‘endl 
this transition point. The nature of the but | 
oil and greases is of less importance is be 


than is generally thought, although, of deri 
course, the consistency of the grease can 


be controlled to a considerable extent by the 2 
variations in the viscosity of the oil. The by le 
effect of different metals is considered, insta 
as well as the effect of different fatty than 


acids. The subject ef peptization is dis- 
cussed, and it is noted that many polar WW 
substances present in small amounts 4 


will serve to peptize soap dispersion. Th 

The effect of mixing metals or kations e 
is considered, and in the opinion of the Oper; 
author the mixing of metals is a fairly the 3 


bad practice. The physical state 0 of F 
greases below the transition point 1s con- . 
sidered in relation to syneresis. In con- Its 0 
cluding the article the rheology %! 
greases is briefly considered. 

The Problem of Engine Deposits. A 
Lani, Z. Karpinski, AND E. W. J T 
Marotes. Jour. Inst. Petr. 31 (1945) PP. 
27-302. 

The approach to the problem of en- 
gine fouling with ring sticking, etc., dv¢ 
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REFINING PLANT 











12 Years of Continuous Operation 
The erection of the first Furfural Refining Process Plant back 
in the business-tottering days of 1933 was an example of courage 
and conviction. Confidence not only in the Furfural Process 
but in the future of America. That this conviction was sound 
is borne out by the accomplishments of American enterprise 
during the ensuing twelve years. Paralleling this expansion, is 
the adoption of the Furfural Selective Solvent Refining Process 
by leaders in the Petroleum Industry. Today 18 Furfural Process 
installations account for the refining of more Petroleum oil 
than by any other single solvent refining process. 


lmple Sufifily ratlable 

The original Furfural Process plant has been in continuous 
operation since its first day. All additional plants, in spite of 
the abnormal demands of war, have never shut down for lack 
of Furfural. The Quaker Oats Company is continuing to keep 
its output of Furfural in step with demands. Today you can 


The Quaker Oats @mpa 


1850 BOARD OF TRADE BLDG. 
141 W. JACKSON BOULEVARD ... CHICAGO 4, ILL. 


get all the Furfural you need as you need it in carload ship- 
ments. Price of Furfural is 9% cents per pound, FOB, Cedar 
Rapids, Iowa. 


Consider a Surfiral 
Process Guitallation Now 


Now, when plans are being made for peace-time operations, is 
a good time for you to consider a Furfural Refining Installation. 
Bring to your operations the simplicity, economy, and quality 
yield now being secured by such users of the Furfural Refining 
Process as British American Oil Company, Ltd., Continental 
Oil Company, Golden Bear Oil Company, Gulf Oil Corpora- 
tion, Magnolia Petroleum Company, Quaker State Oil Refining 
Corporation, Shell Oil Company, and The Texas Company. 


HIM) WEP 


FURFURAL * FURFURYL ALCOHOL * HYDROFURAMIDE * TETRAHYDROFURFURYL ALCOHOL 
















“GUNITE’’ 


CONCRETE LININGS 


FOR: | 
BUBBLE TOWERS @ STILLS © HOT OIL 
SEPARATORS © STORAGE TANKS @ RE- 
FINERY VESSELS OF ALL TYPES © EN- 
CASING AND FIREPROOFING STRUCTUR- 
AL STEEL AND PIPE @ LINING WATER 
STORAGE RESERVOIRS, DITCHES AND 
CANALS @ REPAIRING DISINTEGRATED 
CONCRETE AND MASONRY. 





















GUNITE CONCRETE and 
CONSTRUCTION CO. 


CEMENT GUN SPECIALISTS 
ENGINEERS CONTRACTORS 


1301 Woodswether Road 
KANSAS CITY 6, MISSOURI 


District Branch Office: 
228 NORTH LA SALLE STREET, CHICAGO, ILL. 


Branch Offices: 
ST. LOUIS DENVER NEW ORLEANS HOUSTON 




























































Processing innovations and rigidly 
controlled calcination give this ac- 
tivated granular bauxite desiccant 
a high adsorptive efficiency that 
assures bone-dry gases or liquids. 
Driocel’s capacity is little affected 
by repeated regeneration. That 
keeps cost low. Driocel is being 
used successfully to dry 


® Feeds to alkylation and other 
catalytic processes 

* Natural gas, liquefied petrole- 

) um gas, pipeline gasoline, etc. 
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to carbonaceous deposits can well be 
made by rheological methods, and the 
purpose of the paper is to present such 
methods with a resume of some results 
obtained. The first part of the paper 
deals with the colloidal character of the 
deposit in relation to knowledge of bi- 
tuminous substances. The second part 
describes a method of following the 





rheological behavior of an oxidizing ojj 
at high temperature, and the third par 
with methods of measuring the capacity 
of an oil to disperse and hold micro. 
particles in suspension. The experimen. 
tal methods used in the work are de. 
scribed in some detail, and the results 
are presented in tabular and graphical 
form. 





_ Products: Properties and Utilization 





A Rational Basis for the Viscosity In- 
dex System. Part I. E. W. Harpiman 
AND A. H. Nissan. Jour. Inst. Petr. 31 
(1945) pp. 255-70. 


The authors point out three disad- 
vantages of the viscosity index system 
as applied to petroleum products, and 
state that their present work was under- 
taken with the view of eliminating these 
disadvantages, thereby enabling vis- 
cosity index to be applied to oils of 
widely varying viscosity temperature 
characteristics, to make the system ap- 
plicable to any two temperatures instead 
of the two fixed temperatures, 100° F. 
and 210° F., at present in use, and lastly 
to define the lower viscosity values of 
the L and H series on some more funda- 
mental basis. An equation is derived 
from which the viscosity index can be 
calculated directly from the viscosity de- 
terminations at 100° F. and 210° F., 
without necessity for comparison with 
the L and H series basic data tables. A 
chart is presented from which viscosity 





* Hydrocarbon gases, hydrogen 
and hydrogen sulfide, etc. 
* Liquid organic chemicals 


Refiners and chemists, and our own 
research staff, are daily discovering 
new applications. Perhaps your own 
processes can be improved—and the 
cost reduced—by using Driocel. 
Why not talk it over? There’s no 
obligation. 

Write Attapulgus Clay Company 
(Sales Agent), 260 South Broad 
Street, Philadelphia 1, Pa. 


BAUXITE ADSORBENTS AND CATALYSTS . 


— 


indexes can be read from viscosity data 
from 0 viscosity index to 200 viscosity 
index. 


The Testing of Greases for Ball. 
Bearings. S. R. Peruricx. Jour. Ing. 
Petr. 31 (1945) pp. 248-54. 


Conventional methods for _ testing 
greases are of little assistance in the ge- 
lection of greases for particular applica- 
tions. Tests of lime-base greases should 
include: (1) flow measurements at yar- 
ious rates of shear and at various tem- 
peratures, (2) an oxidation test with an 
examination of the oxidation product, 
and (3) a syneresis test involving capil- 
lary action. Soda-base and lithia base 
greases vary widely in texture, cohesion, 
and adhesion, and some method of 
measuring these properties is desirable. 
The combined cohésion and adhesion 
properties can be examined by measure- 
ments of the torque exerted on the hous- 
ing of a rotating bearing, when the latter 
is partially filled with grease. A suitable 
apparatus for torque measurements is 
described. A churning test followed by 
torque measurements gives useful in- 
formation on the stability of a grease. 


Partial Combustion of Gas with a De- 
ficiency of Air. F. E. VANDAVEER AND C. 
Gerorce Secerer, Ind. & Eng. Chem. 37 
(1945) pp. 816-20. 


For many heating operations the 
chemical effect of flue gas products can 
be disregarded, but for others, such as 
heat treating and ceramic manufactur- 
ing, special care must be given to the 
composition of the atmosphere surround- 
ing the work. Partial combustion of gas 
with a deficiency of air has been studied 
for burning natural gas, butane, and 
coke-oven gases with variations of aif 
supply from 10 to 100% of that required 
for complete combustion. Limits have 
been established below which combus- 
tion was not self-supporting. These wert 
65% of the required air for natural gas 
60% for butane, and 53% for coke oven 
gas. By the use of additional external 
heat, these limits were materially lower. 
Ratios of carbon monoxide to carbon 
dioxide and of carbon monoxide to hy- 
drogen have been determined for these 
three gases. The sharp odor that usually 
accompanies and _ identifies partially 
burned fuel gases is generally attributed 
to aldehydes and other hydroxylate 
hydrocarbon compounds. Quantitative 
tests were made for aldehydes, ketones, 
organic acids, alcohols, and combined 
nitrogen, Analytical methods for thes 
compounds in the products of incom 
plete combustion of gas were not foun 
in the literature. However, the most 4 
plicable of the numerous methods {0 
analyses of these compounds were © 
lected and tried. Formaldehyde was th 
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..» Resists Corrosion from 


High Sulphur Oils and Circulating Water 


When oil refinery operations require a double- 
purpose, corrosion-resistant tubing with special 
physical properties to withstand high sulphur 
oils and gases on one side, and corrosive salt or 
fresh circulating waters on the other side... 
Bridgeport’s Arsenical Muntz is the alloy for 
the job. Its high zinc content resists corrosion 
from oils containing hydrogen sulphide gas or 
other sulphur compounds, while its arsenic 
content inhibits dezincification from corrosive 
waters. 

Corrosion is no respecter of plants or equip- 
ment, and when it strikes at the tubing and pip- 
ing in oil refineries, such failures reduce pro- 
duction and efficiency and increase costs. 


In many cases shutdowns due to failure of ~ 


condenser and heat exchanger tubing can be 
avoided by using the proper alloy. Bridgeport 
offers a number of corrosion-resistant alloys for 
many applications in the refinery field. For most 


common operating conditions Arsenical Ad- 
miralty is recommended. Cuzinal and Red 
Brass are recommended where the circulating 
water is highly corrosive. For conditions too 
severe for a single metal or alloy, Bridgeport 
has developed Duplex Tubing made of inner 
and outer tubes of entirely different metals to 
stand up against simultaneous attack on the 
inside and outside walls. 


Write for 112-page Condenser Tube Manual 
containing specifications, corrosion research 
data, |information about modern tubing |alloys 
and other important facts. Consult Bridgeport’s 
Technical Service Department for assistance 
in selecting the proper alloys to help reduce 
shutdowns due to premature failures from cor- 


rosion. Branch offices located in principal cities. 
*U. S. Pat. No. 2118688 


x» BRIDGEPORT BRASS COMPANY 
BAdgeport” 
\ce/ BRIDGEPORT, 2 CONN. « Established 1865 


Condenser and Waid Exchanger libing 


BRIDGEPORT BRASS 


November, 1945—A Gulf Publishing Company Publication 























September 12, 19h5 





Buell Engineering Co, Ince 


70 Pine Street 
New York 5, New York 























Gentlemen: 
+ inquiry from your 

to answer the recen a 

= adh Bo aS opertaat checking upon the Se alia 

man of the Buell Dust Recovery Systems 

° 


in our three plants. : 


been in service on twelve 


have 
ash Collectors ae a 
yes) poilers since 19l1, operating cont 


they have cost 
their collection 
and they have 
er the job 


of their installation, 
maintenance or repair. 


uirements , 
has fully met our req 
pornos ey in a highly satisfactory mann 


for which they were installed. 
Yours very truly 


er, Plant Engineer 
SUMPISS-NRIGHT CORPORATION 

























¢ BUELL DUST RECOVERY SYSTEMS are used through- 
out industry in the collection or reclamation of many 
kinds of dust, in numerous production and process 
operations. Hundreds of satisfied industrial users will 
attest to Buell’s—‘‘High Efficiency, Low Maintenance, 
Long Life.”’ 


Write for Buell’s new, revised book ‘The Buell { van Tongeren} 
. System of Industrial Dust Recovery” now in its fourth printing. 

DUST RECOVERY 

SYSTEMS BUELL ENGINEERING COMPANY, INC. 

Suite 5000, 6 Cedar Street, New York 5, N. Y. 


Sales Representatives in Principal Cities 






DESIGNED TO DO A JOB, NOT JUST TO MEET A “SPEC” 
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principal component, and was found to 
be present up to 0.0842%. The amounts 
of the other compounds found are re. 
ported in the article. 





Laboratory Distillation at Atmos. 
pheric Pressure of Normally Liquid Hy. 
drocarbons. H. J. Heep anv D. E. Surry 
Ind. & Eng. Chem., Anal. Ed. 17 (1945) 
pp. 579-82. 


The factors involved in the laboratory 
distillation of close-boiling hydrocarbon 
components are discussed and a suitable 
fractionating column that operates in a 
stable manner is described. The column 
is packed with single-turn wire helices, 
and is insulated with an especially de. 
signed electrical heater which makes 
it possible to maintain the fractionating 
section in an adiabatic condition. The 
column is equipped with a special head 
provided with electrical means for 
automatically maintaining the desired 
reflux ratio. Columns of the type de. 
scribed contain up to about 100 theore- 
tical trays and have beeen found to op- 
erate very satisfactorily in making dif- 
ficult separations. 


Analysis of Cyclopropane-Propylene 
Mixtures by Selective Hydrogenation. 
E. S. Corner AND R. N. Pease. Ind. & 
Eng. Chem. Anal. Ed. 17 (1945) pp. 
564-66. 


A new method is described for the 
analysis of cyclopropane-propylene mix- 
tures through application of selective 
hydrogenation. It comprises passing the 
mixture with hydrogen over a nickel- 
kieselguhr catalyst partially poisoned 
with mercury to hydrogenate the olefin, 
and then over a nonpoisoned catalyst to 
hydrogenate the cyclopropane. Accura- 
cies of £0.5% were obtained. The 
presence of inert components such as 
gaseous paraffins does not interfere with 
the analysis. This is an advantage over 
other methods described in the literature. 
Small samples can be analyzed with ac- 
curacy. 





The Precision and Accuracy of Vis- 
cometry Using B.S.I. Tubes. Viscosity 
Panel of Standardization Sub-Commit- 
tee No. 6—Lubricants. Jour. Inst. Petr 
31 (1945) pp. 239-47. 


The paper presents the results ob- 
tained by the Viscosity Panel of the 
Standardization Sub-Committee No. 6 
on lubricants of the International Asso- 
ciation for Testing Materials. From the 
work done it was concluded that it 1s 
not satisfactory to rely solely on the 
present dimensional specifications for 
B.S.I. tubes if viscosities are to be de- 
termined with £0.1% maximum error 
from a mean value for the results ob- 
tained in different laboratories using the 
same basis for the practical unit. In ary 
one laboratory agreement in_ viscosity 
determinations within 0.2 percent can be 
obtained if the ratio of times of flow of 
two oils are determined in the tube 
under test in comparison with a ta 
shown to be satisfactory in a dynamic 
control test, such that the ratio of time 
of flow of two oils is within + 0.1% 
the mean of a large number of tubes. 
Further study is required to obtaim 
closer agreement between different 
oratories, particularly as regards tem 
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/Now.. YOU CAN USE 





Made of all forged steel to close 
manufacturing tolerances 


No flexible hub connections to 
fatigue, such as rubber bushings, 
spring grids, flexible pins, lami- 
nated discs, etc. 


Positive dust and oil proof Walflex 
Seal. 


Freedom of movement between 
cover sleeve and hub ;: ‘events 
stress on shaft and bearinys. 


All metal to metal contacts be- 
tween hub and cover sleeves are 
automatically lubricated to prevent 
wear. 




















New Series A’ 
WALDRON 


(Scour 
7?“ COUPLING 


Reducing costs to coupling buyers without sacrificing any 
of the basic design refinements characteristic of Waldron 
Gear Type Couplings is a noteworthy new achievement of 
Waldron Engineers. 


The new “Series A” Waldron Coupling is designed for a 
much larger maximum bore that now permits use of smaller 
sized couplings than are ordinarily required. To coupling 
users this means welcome savings in unit costs, in space and 
shaft extension which combine to make a neater, more com- 
pact and more economical installation. 


The Waldron “Series A” Coupling embodies all the de- 
sign refinements that have made Waldron Couplings famous. 
From every standpoint—first cost, maintenance expense, op- 
erating advantages, space requirements—it easily proves the 
most economical coupling to buy and use. 


Design and construction details, rating tables, service 
factors and prices will be furnished on request. 


[COUPLING DIVISION] 


TTT Vip) le) mae 


Tain Ofkce + Works -NEW BRUNSWICK, NEW JERSEY 


S$ At.&o 


REPRESENTATIVES 


Bie So See | CiT 
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EVEN IN THESE 


Zcegh Paces 





WESTON 
THERMOMETERS 


are ALL-METAL for ALL-ROUND ruggedness! 


In tough spots like these, and many others too, 
Weston All-Metal Industrial Thermometers with- 
stand shaking up without breaking down. Even the 
severe vibrations of pumping units or Diesel 
engines do not affect the long-term stability of 
Weston Thermometers. 

Basic to their all-round ruggedness is an al)- 
metal construction that insures sustained accuracy 
(within 1% full-scale) over long periods of time. 
There are no liquids, gases, capillaries or other 
troublesome parts. Simply an all-metal tempera- 
ture element safely sheathed in a rugged stainless 
steel stem. 

Weston All-Metal Thermometers are available 
in scale lengths 6”, 9”, 12”. . . stem lengths from 
244” to 48” . . ranges from — 100°F to + 1000°F. 
Literature gladly sent on request . . . Weston 
Electrical Instrument Corporation, 655 Freling- 
huysen Avenue, Newark 5, New Jersey. 


Weston itt Motel, THERMOMETERS 
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ment. Viscosity measurements in_ the 
U.S.A. by fundamentally different meth. 
ods, on the same oil, show maximum 
differences of + 0.12% from the mean 
value. British mean values of viscosities 
for these oils are 0.35 percent below the 
mean values obtained in the United 
States, suggesting that the fundamental 
unit, the centistoke has a different prac- 
tical value in the two countries. 











Book Review 













Principles of Industrial Process Control 
By D. P. Eckman. John Wiley & Sons, 
‘ac., 440 Fourth Avenue, New York. 250 
pages; $3.50. Sold by The Gulf Publishing 
Company. 

This .book is an introduction to the 
science of automatic control. Its purpose 
is to treat the important laws of operation 
of industrial automatic control systems and 
to provide a practical background of the- 
ory. Primarily it is intended for the stu- 
dent in chemical, metallurgical, mechanical 
or electrical engineering, but may serve as 
a reference for the industrial user of auto- 
matic control equipment. It includes a list 
of references on automatic control, and a 
glossary of terms and definitions. 




















Small Manufacturers 
Oppose Patent Change 


Plans for a counter offensive against 
attacks on the United States Patent Sys- 
tem are being made by a nation-wide 
group of smaller manufacturers, repre- 
senting 28 classes of industries, accord- 
ing to John W. Anderson, president of 
The Anderson Company, Gary, Indiana, 
leader of the movement. 

The new organization, incorporated as 
National Patent Council, will be con- 
trolled by smaller manufacturers. Head- 
quarters will be at Gary, Indiana. 


Anderson is president of American 
Fair Trade Council, served for years as 
president of Motor & Equipment Manv- 
tacturers Association and was a Co- 
founder of the Automotive Council for 
War Production. 

“Although the vociferous critics of 
the patent system profess to be saving 
the country from monopoly, they are in 
reality promoting monopoly by threat- 
ening the life of every smaller company 
relying upon patents,” Anderson said. 

“Individually, we have been shouting 
as loudly as we could, with little effect. 
Now smaller manufacturers join forces, 
in National Patent Council, to appeal di- 
rectly to the fair-minded American peo- 
ple to get the misled ‘reformers’ off our 
necks so we can plan jobs and products 
for higher levels of good living. 

“Smaller manufacturers, who employ 
most American factory workers,” he 
added, “also originate and produce most 
of the patented inventions upon which 
industry is based. 

“So long as Congress and the courts 
maintain inviolate the traditional 17-yeat 
exclusive right of the inventor to his 
own creation, the smaller manufacturer 
can continue to invade successfully, with 
products of greater value to the public, 
the markets of entrenched competitors. 
Thus the patent system functions as the 
indispensable stimulant to that compett 
tive enterprise upon which the continue 
progress and security of America de 
pends.” 
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BUT IT’S A 
GOOD FORMULA 


Becco Electrolytic Hydrogen Perox- 
ide—100 volume —is a clear water- 
white liquid of outstanding storage 
stability. It contains 13.0 per cent 
active oxygen or 27.5 hydrogen per- 
oxide by weight. Its specific gravity is 1.10; apparent pH glass (electrode) 2.1; 
dry residue—not over 0.10 per cent; ash—not over 0.04 per cent. Can be shipped 
in tank cars, aluminum drums or in glass carboys. 

Higher concentrations available in small amounts for research investigations. Becco 
Electrolytic Hydrogen Peroxide is at present available in limited quantities. 


SOME SUGGESTED APPLICATIONS 


Most universal low-cost bleaching and oxi- 

dizing agent. 

Does not leave undesirable residue, odor or 

by-products. 

Can be handled through pumps, and well- 

known feeding and mixing devices. 

Antipitting agent in metal plating. 

Has excellent bactericidal properties. 

Inexpensive promoter for polymerization 

reactions, especially in emulsions. 

: Oxygen release from aeotese peroxide can 

Acetyl Peroxide* be postions controlled as to rate, quantity 
*Available in research quan- and size of bubbles. This unique property 

tities only at present. is of importance for making porous and in- 
**Available in limited quantities. flated articles and in the uniform distribu- 
tion of oxygen gas in reaction mixtures. 





Active Oxygen is on Active Duty 


Other Becco Products: 
Ammonium Persulfate** 
Potassium Persul fate 
Magnesium Peroxide 
Calcium Peroxide* 

Zinc Pevoxide* 
Pyrophosphate Peroxide* 
Sodium Carbonate Peroxide* 
Urea Peroxide 





























JUST PUBLISHED! 


atalytic Chemistry 


By HENRY W. LOHSE 


Consulting Chemist, Fellow of the Royal Society of Arts, 
London; Canadian Institute of Chemistry; American Chemical 
Society; American Assn. for Advancement of Science. 


CONTENTS 
Chapter I. Brief History of Catalytic Chemistry 
Chapter II. Catalytic Theory 
Chapter III. Nature and Properties of Catalysts 
Chapter IV. Specific Types of Catalytic Reactions 
Chapter V. Industrial Catalytic Reactions 


This book aims at a factual presentation of the 
underlying principles of catalytic phenomena and 
the application of catalytic reactions in industrial 
processes. 

Particular attention has been paid to the presence 
of impurities in catalytic reaction systems, and to the 
role of traces of other metals in silver, copper, iron, 
nickel, etc., used as catalysts. 

_f separate section has been devoted to each of 
the various types of catalytic reactions. The nature 
and properties of catalysts, specific types of catalytic 
reactions, as well as industrial’ catalytic reactions 
have been discussed in detail. 

Many clear illustrations will help in the under- 
standing of little understood phenomena. 


471 pages fully illustrated $8.50 
SEND ORDERS TO THE 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON TEXAS 
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YOU CAN 
REAM 


YOUR PIPE 


with the Extra-Long-Taper 


Ritbaaib. 


REAMER 


It won't thin, flare or split pipe 





@ You ream the burr from any pipe in no time 
at all with a few easy feather-light ratcheted 
strokes of this RimaiD> Reamer—and with- 
out damaging the pipe. The extra long ta 

of this unusual tool prevents eae § it- 
ting or flaring of pipe or conduit wall. It 
saves you time, work—and pipe! It comes 
complete with ratchet handle — or reamer 
unit alone fits your Rimaip 0OR handle. Ask 
your Supply House for this handy rRimarp. 


WORK-SAVER PIPE TOOLS 


THE RIDGE TOOL COMPANY « ELYRIA, OHIO, U.S. A. 
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ELECTRICAL 
INSULATING 
MATERIALS 


Varnished Materials. 


MICANITE 


Mica in various combinations 
with other materials, including 





Fiberglas.* 


PURE MICA 
Sheets and Forms. 


LAMICOID 
In various grades, including those 
used for instrument panels, Bake- 
lite-Fiberglas,* etc. 


LABEL ENGRAVING 
MATERIALS 

Black over white. 

White over black. 

Black over translucent. 

Black over translucent over red. 








SCARLET over white, etc. 


We have the production facilities 
to fabricate insulators from lam- 
inated phenolic sheets, rods and 
tubes and carry a large stock of 
these materials in Houston. 


GRAPHIC LAMICOID 


Flow charts, electrical wiring 
diagrams, piping diagrams, etc., 
printed on the SECOND sheet of 
Laminated Phenolic, with a pro- 
tective first transparent sheet. 





* Fiberglas—Trade-name Owens-Corning Fiber- 
glas Corp. 


<b iat. 
SPER ERGS EERE Oe 


‘* AYVYENU? 
HOUSTON TEXAS 
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Bechtel-McCone Interests Form 
New Construction Company 


Bechtel Brothers McCone Company 
has been organized to engage in engi- 
neering and construction, with head- 
quarters at San Francisco. Executives 
and key personnel have been drawn 
from Bechtel and Bechtel-McCone in- 
terests, extensively identified with con- 
struction projects internationally. The 
board of directors of the new corpora- 
tion includes S. D. Bechtel, John A. 
McCone, K. K. Bechtel and John L. 
Simpson, in addition to officers of the 
company, who are: W. E. Waste, presi- 
dent; J. P. Yates and Van W. Rosen- 
dahl, executive vice presidents, and 
Jerome K. Doolan and V. G. Hind- 
marsh, vice presidents. Waste formerly 
was vice president and general manager 
of Marinship Corporation. He defines 
the new enterprise as “an engineering 
and construction service for industrials 
and government bodies, placing special 
emphasis on work required by the petro- 
leum, mining, chemical and other heavy 
process industries; railroads, public utili- 
ties and government authorities.” 


Edward A. Reineck Joins 
Quaker Oats Company 


Edward A. Reineck 
technical sales staff 
of the chemicals de- 
parment of The 
Quaker Oats Com- 
pany, Chicago. He 
will assist in devel- 
opment of new ap- 
plications for furfural 
and its derivatives in 
the resins and plas- 
tics industry. 

Reineck was grad- 
uated from Lawrence 
College, Appleton, 
Wisconsin, in 1936. 
He has been on the E. A. Reineck 
staff of The Institute 
of Paper Chemistry for the past nine 
years, engaged in research and applica- 
tion studies of furan and other resins as 
finishes, molding powder binders, lami- 
nating varnishes, and adhesives. 


has joined the 


Sterling Packing and Gasket 
Announces Two Assignments 
Sterling Packing and Gasket Com- 
pany recently has established an office 
at Corpus Christi, Texas, where it has 





A. L. Gaut 


Suppliers 


s 
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assigned A. L. Gaut as service engineer, 

Tom Ash, service engineer for the 
company, has been transferred from 
Dallas to Tulsa and assigned Oklahoma 
as his territory. Ash recently was dis- 
charged from military service. 


Sharples Corporation Appoints 
Charles E. Printz Sales Manager 


Sharples Corporation, Philadelphia, 
has announced ap- 
pointment of Charles 
E. Printz as _ sales 
manager. 

Printz, up until the 
outbreak of the war, 
was connected with 
the export division 
of the company, and 
was in charge of 
South American 
sales. He returned to 
the United States in 
1942, where he has 
functioned in the 
production depart- 
ment and as director 
of purchases for the company. 


C. E. Printz 


Gray Appointed Director of 
Reynolds Research Institute 


Reid B. Gray has been appointed di- 
rector of Reynolds Research Institute, 
subsidiary of Reynolds Metals Com- 
pany, to succeed Dr. Warren J. Mead 
who has resigned to give more attention 
to his duties as head of the geology 
department of Massachusetts Institute 
of Technology. Dr. Mead will continue 
his connection with the Reynolds or- 
ganization as a consultant. 

Gray, who has served as associate to 
Dr. Mead since February, 1944, will 
have as his associates J. Edward Spike, 
formerly with Lever Brothers at Cam- 
bridge, Massachussetts, and Carl B. 
Hamlin, formerly with Armstrong Cork 
Company, Lancaster, Pennsylvania, and 
with Glen L. Martin Company, Balti- 
more. Before joining Reynolds Metals 
Company in 1944, Gray had been with 
Glen L. Martin Company since 1919. 


Evans Chief Metallurgist 
For Elliott Company 


Charles T. Evaas, Jr., has been named 
chief metallurgist for Elliott Company, 
Jeannette, Pennsylvania. 

Evans, formerly manager of the car- 
bide department of the Titusville plant 
of the Universal-Cyclops Steel Corpora- 
tion, has been concerned with develop- 
ment of high-temperature steels tor ap- 
plication to high-temperature steam and 
refinery valves, turbochargers, jet-and- 
rocket-propulsion equipment. Another 0! 
his developments was a method 10 
providing tungsten-carbide bullet cores 
which, mounted in shells, were effective 
in stopping German tanks. d 

One of the active organizers of the 
Northwestern Pennsylvania chapter 
the American Society of Metals, Fvats 
has, since 1941, served as a member 0 
the National Advisory Committee ' 
Aeronautics. 

In his new assignment he will be t 
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BAR OF WHAT? 


Carbon, Graphite, or 
“Karbate” materials, of course! 


Corrosion Resistant 
, 


No Contamination 


High or Low 
Heat Transfer 


Resistant to 
Thermal Shock 


Fabricate 


Electrical 
Conductivity 


No Deformation 
at High Temperature 


Not Wet by 
Molten Metal 


MAGINE!—1500 steel ingueaae graphite stool inserts in one plant— 
without any stickers! Thaf’s because molten metals simply do not 
stick to carbon or graphite! ’ 

This eighth advantage of “National” carbon or graphite is only one of 
many responsible for the gdoption of these materials by the metal-work- 
ing industries, in the forgi of stool inserts, mold plugs, molds, mold wash 
(graphite powder), run4ut troughs, and furnace linings. Another advan- 
tageous feature in runSut troughs and furnace linings: the carbon blocks 
are unaffected by the‘most corrosive slags.* 

You are inviteg to get the full story . . . from our nearest Division 
Office... on carhgn’s, or graphite’s, truly remarkable combination of 
properties, whet@er in the ordinary, porous, or impervious forms. 


4 *Chemical Engineers Please Note 
Of pa ici importance to the chemical industries are other advan- 
tages Of “National” carbon and graphite and “Karbate” impervious 
marfints They are resistant to the corrosive action of most acids, al- 
ke} s, and solvents, and they do not contaminate solutions. 


Yational’’ and “‘Karbate’’ are registered trade-marks of National Carbon Company, Inc. 
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WILSON 


Expanding Brush 


<8) 


Frame or body of 
expanding brush 


BOO 
BOB 


Set of refills or faggots for 
expanding brush 


mo C. 


TUBE CLEANER BRUSHES 


bocl™ 


10 to 20 TIMES LONGER - 


Ten to twenty times as many 
tubes can be cleaned with a Wilson 
Expanding Brush than with ordinary 
sectional brushes before replacement is 
necessary. When removing the light, 
powdery deposits or for final polishing 
of tubes, the savings in time, labor and 
money derived from this feature alone 
make the expanding brush an essential 
part of every tube cleaning equipment. 


This longer life results from the expand- 
ing action of the brush. Because any 
brush must be smaller than the I.D. of 
the deposit it removes, the ordinary sec- 
tional brush cleans by vibrating against 
the inner tube wall with a pounding 
action which hammers down the brush 
elements. 


In the Wilson Expanding Brush, centri- 
fugal force holds the tufts in constant 
contact with the deposit — eliminating 
this destructive pounding. Worn tufts 
in the Wilson Expanding Brush can be 
replaced easily and quickly — and at 
low cost. 


A copy of the Wilson Tube Cleaners 
Check List will help you select the right 
Wilson equipment to do your tube 
cleaning jobs faster and more effectively. 
Write for your copy today. 


WILSON Inc. 


44th AVENUE, LONG ISLAND CITY 1, NEW YORK 








sponsible for the metallurgical prob: 
lems of the whole Elliott Company, 
with particular attention to the metal- 
lurgical aspects of research and produc- 
tion of gas turbines. 


Hendricks to Wichita Falls 


For Republic Supply Company 


Tom C. Hendricks has been appointed 
district manager for 
Republic Supply 
ae ae’ § in the 
Wichita Falls area, 
succeeding Frank M. 
Hedges who died 
October 5. Hen- 
dricks started with 
the company back in 
the Ranger boom 
days and has wit- 
nessed at first-hand 
most of the impor- 
tant Texas develop- 
ments since that 
time. He leaves the 
post of assistant 
district manager. at 
Kilgore to assume his new duties. 


Zies Elected President 
V. D. Anderson Company 


The V. D. Anderson Company of 
Cleveland, Ohio, has 
elected the following 
officers: Carl W 
Zies, president; R. T. 
Anderson, vice presi- 
dent; A.-D. Ander- 
son, treasurer; F. S. 
Freer, assistant treas- 
urer; B. D. Coffey, 
secretary, and Ed- 
ward Parsons, assist- 
ant secretary. A. D. 
Anderson now is __ 
chairman of the 
board of directors. 


T. C. Hendricks 


Carl W. Zies 


|W. A. Elliott President 
| Of Elliott Company 


W. A. Elliott has been elected presi- 


| dent of Elliott Company, Jeannette 


Pennsylvania, in that position succeed- 
ing Grant B. Shipley, who remains as 
chairman of the board. Shipley pre- 
viously held both positions. 

F. H. Stohr, formerly assistant to the 


president, was elected executive vice 
| president, and F. W. Dohring, who has 


been general sales manager, was elected 
vice president in charge of sales. 
The Eagle-Picher Company 
Acquires Canadian Interest 

The Eagle-Picher Company, Cincin- 


| nati, Ohio, has acquired a substantial 


stock interest in McArthur, Irwin, Ltd., 
Montreal, pioneer in the lead, zinc, and 
mineral wool insulation industries in 
Canada. Plans are going forward for 
expansion of the purchased companys 
activities. 


American Chain & Cable 
Buys Instrument Company 


American Chain & Cable Company, 
Bridgeport, Connecticut, has acquired 
the business of Certified Gauge and_In- 
strument Corporation, Long Island City, 
New York. The principal product of the 
laiter is a pressure gauge with a new 
patented mechanism called the Helicoid 
movement. This gauge was developed 
during the war and is used widely by the 
Army and Navy. Manufacturing will 
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Anaconda Admiralty Tubes, brass 
baffles and tube sheets of rolled 
Anaconda Naval Brass make up 
these condenser bundles, 


in this Refinery Condenser 








FEW PRODUCTS of mill or factory attain the per- 
fection of Condenser Tubes—in control of com- 
position, accuracy of size and fineness of finish. 
These oil refinery condensers in the plant of 
the Ross Heater & Mfg. Co., Inc., at Buffalo 
are being tubed with 531 Anaconda Admiralty 
Tubes, one inch in diameter and 16 ft. long. 
Before shipment from The American Brass 
Company Mill in which they were made, each 
tube was subjected to hydrostatic test, surface 
inspection and checked for roundness, straight- 
ness, length, diameter and thickness. Besides 
these tests, tubes from every lot of 600 undergo 
chemical analysis to check the alloy and micro- 


scopic examination to determine grain structure 
in accordance with A.S.T.M. Specifications. 
Should you desire assistance in the selection 
of alloys to meet condenser or heat exchanger 
problems, the Technical Department of The 
American Brass Company is at your service. For 
detailed information on alloys and methods of 
manufacture, send for Publication B-2, ‘“‘Ana- 
conda Tubes and Plates for Condensers and 
Heat Exchangers.” ene 


THE AMERICAN BRASS COMPANY 
Subsidiary of Anaconda Copper Mining Company 
General Offices: Waterbury 88, Connecticut 
In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ont. 


BUY VICTORY BONDS... HELP ASSURE WORLD PEACE 











win CApaconda Condenser fubes 
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60’ x 300’ x 24’, with 
10 ton crane way and 
20’ x 200’ lean-to. 


BRADEN ---- 


Prefabricated Buildings Are 
Custom Designed For: 





—HYDROGEN PLANTS 

—NATURAL GASOLINE PLANTS 
—PETROLEUM REFINERIES 

—HIGH OCTANE PLANTS 

—GAS AND LIQUIDS PIPE LINE STATIONS 
—LIQUEFIED GAS STORAGE PLANTS 
—PRESSURE MAINTENANCE STATIONS 


—RE-PRESSURING STATIONS 
—RE-CYCLING PLANTS 


—SYNTHETIC PROCESSING PLANTS 


Let Braden engineers give you the benefit of their many years 
experience in designing buildings for the petroleum industry. 


BRADEN Steel BUILDINGS 


BRADEN STEEL CORPORATION 


1007 East Admiral Bivd., P. O. Box 1229, Tulsa 1, Oklahoma 


Subsidiary of MOORLANE COMPANY 
Branch Offices: Houston and Dallas, Texas, and 825 Falls Bldg., Memphis 3, Tenn. 
Representatives: Kansas City, Mo., Amarillo, Tex., Wichita, Kansas., 
Odessa, Tex., Okiahoma City, Okla. 











Export Agent: Russell D. Heath, Room 605, 125 Barclay St., New York 7, N. Y. 


continue at the Long Island City plant 
under the name Helicoid Gauge Diyvi- 
sion, American Chain & Cable Com. 
pany, Inc. As Helicoid gauges are used 
in the same general fields as two of 
American Chain & Cable’s present lines, 
Reading-Pratt & Cady valves and d’Este 
automotic regulating valves, the acquisi- 
tion of this new line will supplement the 
company’s products for markets it now 
serves. 























Bridgeport Brass Consultant 
Assigned to St. Louis Office 


George C. Chatneuff, for 18 years at 
the home office of 
Bridgeport Brass 
Company, Bridge- 
port, Connecticut, 
has been assigned to 
the company’s St. 
Louis district office. 
Chatneuff has had 
wide experience in 
the manufacture of 
brass and copper 
materials, including 
condenser and heat- 
exchanger tubes. He 
will contact an . 
ery plants in laho- 
ma, Kansas and Ar- G. C. Chatneuff 
kansas as consultant on corrosion prob- 
lems. 

Bridgeport Brass Company also has 
announced promotion of Harold E. Lee, 
for two years a member of the St. Louis 
sales staff, as district manager of its 
St. Louis office. 






























Blankenship Advertising 
Manager for Universal 


Harvey W. Blankenship has been ap- 
pointed advertising 
manager for Uni- 
versal Oil Products 
Company, Chicago, 
to direct all activities 
of the advertising 
and technical educa- 
tion departments of 
the company. 

Blankenship lately 
has been sales pro- 
duction manager of 
the industrial divi- 
sion of S. C. John- 
son & Son, Racine; 
Wisconsin, and for a _—_, W., Blankenship 
number of years 
prior to that connection was advertising 
manager for Graver Tank & Manutac- 
turing Company, Chicago. 





















Shilstone Returns to Houston 
Laboratory After Navy Service 


Herbert M. Shilstone, Jr., has re- 
turned from five years with the civil en- 
gineering corps of the Navy, to assume 
direction of Shilstone Testing Labora- 
tory, 301 M&M Building, Houston. He 
retires from the Navy as commander. 

The Houston laboratory was estab- 
lished by the younger Shilstone in 1931 
as a branch of Shilstone Testing Lab- 
oratory, New Orleans, operated by Dr. 
H. M. Shilstone for the past 35 years. 
Activities of the company, which later 
opened offices in Corpus Christi, include 
general chemical analyses, inspections, 
and tests of construction materials. 

Shilstone Testing Laboratory has at 
quired and staffed an oil and gas lab- 
oratory at 2817 West Dallas, Houston, 
and will broaden its scope to include 
crude-oil evaluations, analyses of petro 
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985 LB. STEEL SHAFT rolled off a stack 
and landed on the toe of this Lehigh 
Safety Shoe. The violent blow forced 
the steel toe box right out of the shoe 
—we had to pry it out of the floor — 
but toes were only bruised! And in 
less than 20 minutes the worker was 
back on the job, thanks to his Lehighs. 
No shoe was ever made to take this 
punishment. But it’s another case ‘a 
where Lehigh’s rugged con- 

struction and extra margin 

of safety helped to pre- 

vent serious injury 

or permanent dis- , 

ability. Have you (ai 
checked your y* 
hospital rec- | 
ords for foot 
injuries lately ? 


oe 


Pay envelope en- 

closuré with ten 

similar case his- 

tories will con- 

vince any skeptic 

. = that safety shoes 

bay. No advertising. Send for sam- 
ple or enough to cover your payroll. 
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We design and 
construct all 
types of modern 
refining units. 


BORN ENGINEERING CO. 


Oklahoma 


, 
+uisa 








McNAMAR 


Steel Plate 
Fabricators and 
Contractors 


Products Storage 


Pressure Vessels 


for more information 
See Page 371 
in Refinery Catalog 


McNAMAR 
BOILER & TANK CO. 


Tulsa, Okla 

















If you need dependable Turbine re- 
pairs in a hurry, call us. We are com- 
pletely equipped to repair and dy- 
namically balance turbine rotors and 
any High Speed rotating elements in 
our modern shops. 


25 Years Successful Experience 






f ENGINEERING C0, | 
Gul ep» lg 





leum gases by low-temperature distilla- 
tion Podbielniak), wax determinations, 
etc. ief chemist for the company’s 
Texas activities is Dr. Charles K. Han- 
cock, who has just completed a tour of 
duty in the Navy. ‘ 


Hiller Covering Larger 
Area for Laclede-Christy 


Harvey R. Hiller, district manager at 
Chicago for Laclede-Christy Clay Prod- 
ucts Company, St. Louis, recently was 
made an assistant vice president of the 
company, and assigned to direction of 
sales in an enlarged area adjacent to 
Chicago. He has been with the company 
22 years. 


General Electric Control 
Division Reorganized 


Four men have been named to head 
newly organized séctions in General 
Electric Company’s control division, new 
name of the company’s former industrial 
control division. 

William M. Anthony is manager sales 
of the industry control section; Edward 
S. Bush is appointed manager sales of 
the appliance and aircraft control sec- 
tion; W. Dockstader has been 
named manager sales of the general pur- 
pose control section, and William J. 
Stock is in charge of the marketing and 
promotion section. 

Already in existence in the division 
is the fifth section to make up the con- 
trol group, the electronic control sec- 
tion, with A. E. Bailey, Jr., manager of 
sales. K. R. Van Tassel is manager of 
the newly named control division, and 
R. S. Glenn is manager sales. 

Anthony joined General Electric in 
1923. He received an engineering degree 
at Newark Tech in 1929, and, after a 
few months as a student engineer on the 
company’s test course at Schenectady, 
entered the Industrial Control division. 

Bush became a General Electric em- 
ployee in 1926 as a student engineer on 
the test course at Bloomfield. In 1928 
he received a bachelor of science degree 
in electrical engineering from Newark 
College of Engineering. He has been 
in the Industrial Control division at 
Schenectady since 1930. 

Dockstader joined the company in 
1903 at Schenectady, and the following 
year was a testing engineer. In 1910 he 
transferred to the supply department, 
and through changes in the organization 
setup subsequently became associated 
with the Industrial Control division. 

After his graduation from Purdue 
University in 1916 with a bachelor of 
science degree in electrical engineering, 
Stock came to General Electric in 
Schenectady as a student engineer on 
the test course. In 1917 he joined a 
group that is now the Control division, 
where he has remained to the present. 


Haworth Promotion 
For Gulf Publishing Company 


Herbert Haworth, who held advertis. 
ing positions with McGraw-Hill Pub. 
lishing Company, in 
New York, Chicago 
and Washington for 
22 years, has -been 
made promotion 
manager of The Gulf 
Publishing Company. 
Haworth was adver- 
tising manager of 
McGraw-Hill for 
eight years and pro- 
motion manager of 
several of its publica- 
tions for a number 
of years. For three 
years he was a mem- 
ber of the publicity 
committee of Asso- 
ciated Business Papers. 

At the wind-up of the War Depart- 
ment’s liquidation of surplus war prop- 
erty in 1923 and 1924, Haworth was 
loaned by McGraw-Hill to help the 
army advertise $2 ‘billion worth of 
equipment and merchandise. 

Since 1941 Haworth has been en- 
gaged in free-lance writing and sales 
promotion. 


Gunyou Assistant Manager of 
Research for Pennsylvania Salt 

Dr. E. B. Gunyou has been appointed 
assistant to Dr. $. C. Ogburn, Jr., man- 
ager of the research and development 
department of Pennsylvania Salt Manv- 
facturing Company, Philadelphia. Dr 
Gunyou has been with the production 
division of Army service forces and 
liaison officer to the chemicals bureau of 
War Production Board. Prior to his 
Army service he served as development 
engineer for Grasselli Chemicals depart- 
ment of E. I. du Pont de Nemours & 
Company. He will be located at the 
company’s general offices, 1000 Widener 
building. 


Ferrill Resumes Connection with 
Kerotest Manufacturing Company 


H. E. Ferrill has returned to Kero- 
test Manufacturing Company, Pitts- 
burgh, as sales and development engi- 
neer of the brass division, after 54 
months with the armed forces. 





Herbert Haworth 






























REFINERY EQUIPMENT FOR SALE 


Towers: Bubble, Flash, Clay. Receivers, 
Separators, Centrifuges, Tube Stills, Con- 
tinuous Treating Drums, one Clarke Gas 
Engine Compressor — 100HP — 533 Cu. Ft. 
per Minute. Fittings: Ammonia, Brass, 
Welding, Pipe Hangers. 


Box 610, Mt. Pleasant, Texas 











PHYSICAL CHEMIST, Ph. D., for catalyst 
research, largely industrial organic re- 
actions involving Group VIII elements. 
Both fundamental and practical work 
contemplated. Opportunities afforded for 
outside contacts and publications. 

Address: Box 86-R, c/o Pétroleum Refiner, 
Houston, Texas. 







Scientific R. ust Castrol 


B PROTECT YOUR 
. METAL SURFACES 
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CORROSION 
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RUST-OLEUM 


“The Miracle Paint” 
IN COLORS AND ALUMINUM 


RUST-OLEUM PAINT CORP. 


TEXAS BRANCH 
1935 COMMERCE STREET 
RIVERSIDE 4847 — DALLAS 1, TEXAS 
Distributors in Principal Cities 
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NEW EQUIPMENT 









..MANUFACTURERS’: LITERATURE... 


FOR FREE COPIES OF MANUFACTURERS’ LITERATURE OR MORE INFORMATION ON 
PRODUCTS DESCRIBED ON THESE PAGES, USE THE MAILING CARD INSERTED IN THIS ISSUE 


1—Air Relief Valve 


Oceco Division of The Johnston & 
Jennings Company, Cleveland 14, Ohio, 
has announced Oceco V-404 air relief 
valve for installation at the high point of 
pipe lines to remove air or gas trapped 
in the line. 

Gas and liquid are forced up a riser 
pipe by pressure in the line, filling the 
piping, and causing a float to rise, thus 
closing the air-release port. As more gas 
accumulates, level of the liquid is forced 
lower, and as the float drops it opens a 
release port, permitting the gas to escape 
to the atmosphere. 

Valves are furnished complete with 
liquid-level gauge, with riser threaded to 
screw into a T fitting, or blank for weld- 
ing to the pipe line. Standard sizes are 
2-, 3-, 4-, 6-, 8-, 10- and 12-inch, and 


other sizes are available on special order. 


2—Proportioning Pump 


_Lapp Insulator Company, LeRoy, New 
York, announces a proportioning pump 
designed for heavy-duty chemical-solu- 
tion feeding against high pressures up to 
5000 psi, with a constant, manually 
adjustable rate of feed. Type DEL 
“Pulsafeeder” is a horizontal, direct- 
motor-drive, positive-displacement, re- 
ciprocating-diaphragm type _ chemical- 
proportioning pump. Corrosion-free 
materials are used in the construction of 
the reagent heads, which include a hy- 
draulically-balanced diaphragm actuated 
by piston displacement through a hy- 
draulic fluid. Displacement is measured 
by the piston in the cylinder. There is 
no mechanical connection or pressure 
differential against the diaphragm. Pack- 
ing glands are eliminated. Chemical 
solution is isolated from operating parts. 
Micrometer stroke adjustment of the 
piston permits adjustment of rate of 
flow from zero to full maximum while 
the machine is in operation, with ac- 
curacy of flow maintained throughout a 
range trom minimum to maximum of 
1:100. Motion is transmitted to the pis- 
ton by an oscillating arm which utilizes 
full motor power without friction or 
vibration. Piston-drive transmission as- 
sembly is sealed in a heavy-duty cast- 
iron housing, submerged in an oil bath. 
Machine is equipped with Timken roller 





Type DEL Pulsateeder 
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Oceco Air Relief Valve 


bearings. All types of motors can be sup- 
plied including drip-, vapor-, explosion- 
and chemical-proof types. 

Type DEL “Pulsafeeders” are avail- 
able with one reagent head for single 
feed or two reagent heads for feeding 
two chemical solutions simultaneously. 
On duplex units the two reagent heads 
are driven from a single motor and may 
be adjusted while in operation to a uni- 
formly synchronized rate of flow or to 
varying rates of flow. Five sizes are man- 
ufactured which provides a selection of 
capacities ranging from a few cc per 
hour to 10 gallons per hour. 


3—Pipe Locator 


E. D. Bullard Company, San Fran- 
cisco, is marketing a radio-type instru- 
ment consisting of two basic units. One 
unit transmits electrical impulses that 
activate the underground metal. The 
second unit detects the metal by record- 
ing the impulse it receives. 

The manufacturer claims that, ac- 
curacy of the locator permits determina- 
tion of the size of underground pipes as 
well as the depth at which they lie. 


4—Temperature Regulator 


Leslie Company, 169 Delafield Ave- 
nue, Lyndhurst, New Jersey, has an- 
nounced a self-contained, spring-loaded, 
internal-pilot, piston-operated tempera- 
ture regulator for steam service. A 
feature is duo-matic control, whereby 
temperature regulation and _ pressure 
control are obtained simultaneously with 
a single regulator. 

The regulator has a wide range, 
rugged thermostatic element with 100° 
F. adjustable temperature range. It is 
single-seated for positive dead-end con- 
trol. It is equipped with metal dia- 
phragms, has no bellows or packing 
glands. 

All wearing parts are renewable, and 
interchangeability allows overhaul with- 
out remova! from the pipe line. Corro- 
sion and wear resistance is obtained 
with the use of stainless steel hardened 
wearing parts. 

A vapor-fited thermostatic element 
acting through the upper diaphragm and 
lever opposes pressure limit spring and 
determine the steam pressure delivered 
by regulator to heat exchanger. Manual 
compression of the limit spring deter- 
mines maximum outlet pressure and 
opens controlling valve admitting high 
pressure steam from inlet body port to 
top of piston which opens main valve. 
The outlet steam pressure acting under 
steam diaphragm balances compression 
of limit spring, throttling controlling 





Leslie Self-contained Temperature Regulator 








Write your own specifications for 
the perfect insulating cement. 
Then compare them with the ac- 
tual performance of B-H No. 1 
Cement. You will find that this 
cement measures up. 

Its heat-loss factor is singularly 
low. A 3-inch application will re- 
duce a surface temperature of 
800° F., for instance, to 158° F.— 
cutting the heat loss to only 150 
b.t.u. per sq. ft. per hour. It can 
do this because its basis is black 
Rockwool, high in resistance to 
both heat and moisture; it does 
not disintegrate. 

Even under the most humid 


conditions, B-H No. 1 Cement 
retains its high insulating values 
and at the same time protects 
the surfaces it covers. A special 
rust-inhibitor safeguards metal 
against corrosion and assures a 
permanent bond. 

B-H No. 1 Cement resists any 
temperature up to 1800° F. and 
is completely reclaimable up to 
1200° F. Easily applied to the 
most irregular surface, it is the 
practical answer for all main- 
tenance work. 

The coupon below will bring you 
full information and a working 
sample of B-H No. 1 Cement. 


Baldwin-Hill 


Baldwin-Hill Co., 532 Klagg Ave., Trenton 2, N. J. 
Send information on products checked below: 


CJ Free sample of B-H No. 1 Cement 


C) No. 100 Pipe Covering—effective 
up to 1200°F. (for long runs over- 
head, underground, Diesel exhausts) 





SPECIALISTS IN THERMAL INSULATION PRODUCTS 
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[_] Mono-Block—the one-block insula- 
tion for all temperatures up to 1700° F. 


[_] Black Rockwool Blankets (felted 
between various types of metal fabrics) 


POSITION 

















TONE STATE eo 
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For copies of manufacturers’ literature or 
additional information on products de- 
described, use mailing card, at page 273. 








valve and limiting the maximum outlet 
pressure. 

The temperature at which the vapor 
pressure starts to oppose the limit spring 
and decrease outlet steam pressure is 
set on the adjusting spring. This spring 
opposes the vapor pressure through the 
large upper diaphragm and by means of 
this ‘spring the temperature at which all 
steam to heater will be shut off can be 
accurately set. 

A temperature drop of 1° F. at bulb 
reduces vapor pressure, allowing limit 
spring to open controlling valve and 
deliver an increased steam pressure to 
heat exchanger. 

Therefore, outlet steam pressure is al- 
ways directly proportional to the change 
in temperature at bulb and this pressure 
is automatically maintained regardless of 
the volume of’steam used by heater or 
variations in supply pressure. 


5—Valve-Spring Tool 


Paxton Diesel Engineering Company, 
Omaha, Nebraska, has announced a 
valve-spring depressor designed for one- 
man operation in dismantling and assem- 
bling diesel-engine valves. Safe and easy 
to apply, the makers claim the tool will 
compress a valve spring to any point and 
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Paxton Diesel Spring Depressor 


hold it there. This leaves the mechanic’s 
hands free to remove the keepers and 
pin and then proceed with the job. It 
does not nick the stud, and is so de- 
signed that the spring can be released 
safely and simply. Sizes and models are 
available to fit all modern diesel engines. 


6—Combustibles Recorder- 
Controller 


Bailey Meter Company, 1050 Ivanhoe 
Road, Cleveland 10, Ohio, has announced 
development of a new automatic analyzer 
and recorder for indicating, recording 
and controlling the combustibles con- 
tent of a gaseous mixture. This instru- 
ment, the announcement says, has been 
successfully applied to precision control 
of furnace atmospheres and chemical 
processes, as well as combustibles meas- 
urements in the petroleum, metallurgical, 
automotive, and chemical industries. 

The analyzer and recorder provide 4 
continuous graphic analysis almost i 
stantly, and they are said to be respom 
sive to changes of .05 percent com 
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For 2000, 3000 and 6000 pound 


} SOCKET WELD 
TYPE 


¢ 


For schedules 40, 80 and 160 pipe — Sizes !/9' 


Round-the-clock operation of oil refineries, chemical plants, steam plants, etc., essential 
to the continuous flow of war products to the United Nations, is all in the day's work for 
these fittings. Today, as in peacetime, Vogt drop forged steel fittings make a major contri- 
bution to the efficient functioning of pipe lines in plants vital to the war effort. 


Shocks and stresses imposed by high pressures and high temperatures are taken in their 
stride because Vogt fittings are uniform in structure, fine grained, and free from porosity 
-.. the superior product of laboratory controlled matorials and giant forging hammers and 
upsetters. These properties also give higher resistance to erosive and corrosive conditions, 


thereby adding to service life expectancy. 


Vogt Ells, Tees, Crosses, etc., are forged from carbon steel or various alloys to meet specific 
operating conditions. Catalog F-8 will aid you in their selection and proper application. 


HENRY VOGT MACHINE CO., Inc., LOUISVILLE 10, KY. 


BRANCH OFFICES: NEW YORK ~+ PHILADELPHIA + CLEVELAND .+- CHICAGO + DALLAS 
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Balanced Rotor 


The Balanced Rotor in Airetool’s powerful motor eliminates 
friction so that all power is directed against the load. 


Power Seal 


The Power Seal feature stops power waste in the operation of 
the motor and produces constant torque at low speeds, elimi- 
nates dead centers and allows the motor to be loaded to 50 
rpm without stalling. Motor picks up immediately when load is 
released. As the result of these features of Airetool motors, 28% 
greater power is developed. 


Cutters 


The Airetool New Form Cutters eliminate the tendency of cutters 
to track and damage tubes. This is because of an exclusive 
Airetool development—the periphery of the cutter milled to divide 
sections of the circumference into teeth of various pitch, as shown 
in the illustration, which prevents cutter finding the same spot in 
a tube wall during each revolution. 

Airetool tube cleaners are offered in a variety of sizes and 
styles to efficiently and economically meet every tube cleaning 
problem. Made for tubes '2 in. to 24 in. |. D.; straight or curved. 





HELPFUL BULLETINS FREE— WRITE FOR YOUR COPY 


DEPT. R 


Airetool & Yost-Superior Factory Bldgs. 
SPRINGFIELD, OHIO 


MANUFACTURING 
COMPANY 


AIRET 








For copies of manufacturers’ literature or 
additional information on products de- 
scribed, use mailing card, at page 273. 
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PRESSURE REDUCING 
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BAILEY COMBUSTIBLES 
INDICATOR - RECORDER 


———— 








el 
Ll 

115 VOLTS 
50 OR 60 CYCLES 


Diagrammatic Installation of Bailey 
Combustibles Recorder. 














bustibles. Sustained accuracy is said to 
be within .25 percent. 

A continuous gas 
with compressed air 
catalyst-filament which reaches a tem- 
perature proportional to the combus- 
tibles content. Since the filament resist- 
ance is a function of temperature, a sim- 
ple resistance bridge connected to a null- 
balance electronic recorder completes 
the installation. It may be calibrated in 
percent combustibles, mixture ratio, or 
other desired terms. 

Pneumatic control or electric alarm 
contacts may be provided on both one- 
and two-pen recorders. A two-pen re- 
corder utilizes separate analyzers so that 
the speed is not impaired by switching, 
and the two records are independent ol 
each other. 


sample is mixed 
and burned on a 


7—Nitrate Comparator 


W. H. & L. D. Betz, Philadelphia 24 
and W. A. Taylor & Company, Balti 
more 4, have jointly developed a simple 
accurate test for the nitrate ion in boiler 
water. The test procedure was estab- 
lished in the laboratory of W. H. & 
L. D. Betz and the equipment designed 
by W. A. Taylor & Company. 

The Taylor-Betz Nitrate Comparator 








- wn Let 


Taylor Betz Nitrate Comparator 
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Still holding below-zero temperatures efficiently 


) AFTER 33 YEARS 
: OF SERVICE... 








RECORDS FOR LONG SERVICE are easy 
tt! enough to establish when conditions are 


Uy moderate. But materials really prove their 
y) worth when the going is tough. 
In Memphis, Tenn., 6” of Armstrong’s 


Cork Lagging has held temperatures in 
two shell and tube brine coolers down be- 
low —12° F. for 33 years—in a third 
cooler for 28 years. Despite the wide tem- 


perature differential inside and outside Armstrong's Cork Lagging installed on two 12° below 
these tanks, that lagging is still insulating zero shell and brine coolers at the Memphis Cold 
] : " : Storage Warehouse Company. In 1917, when this 
efficiently. According to Mr. Charles A. view was taken, lagging was installed on third tank. 


Conley, chief engineer of the plant, the 
id to only maintenance has been occasional in- 
spection of bands and periodic repainting. 


nixed . - ; 
Impressive savings result from service 


on a 


tem- like this. Refrigeration losses are kept 
nbus- down—day in, day out, year after year. 
esist- Repairs and replacements are minimized. 
| $im- ‘“ . ” : 

oat. Downtime” is greatly reduced. 

pletes Long dependable service can be ex- 
ed it pected from Armstrong’s Cork Lagging 


iO, Of and Armstrong’s Cork Covering, even un- 
salle der the severe conditions encountered in 
ro the petroleum industry. That’s because 
n re- of the inherent durability of cork and its 
> that high natural resistance to moisture. This 
ching material has exceptionally low thermal 
- conductivity. It is fire resistant and light 

in weight. Structurally strong and rigid, 

Armstrong’s Lagging and Pipe Covering 
ia 24 fit tightly against all surfaces, leave no 
Balti pockets where frost ‘can accumulate. 


— For full information, write today to 


stab Armstrong Cork Company, Build- 
H. & ing Materials Division, 7511 Con- (| A) 
igne cord Street, Lancaster, Penna. SS 
The same three coolers, two now 33 years old, have 


arator the original Armstrong's Cork Layging on them. And 
the lagging is still efficiently holding the sub-zero 
temperatures inside. 


ARMSTRONG’S INDUSTRIAL INSULATION 


Complete Contract Service 
For All Temperatures 





To 2600 
Fahrenheit 
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e Cadmium Plated Inside and Out 
e High-Grade Woven Monel Wire 
Screen 


e Readily Removed Steel Blow- 
Off Bushing 


e Screen and Bushing Come Out 
Together—Go Back Together, 
Automatically Aligning 


e For Steam Lines or Water, Oil 
and Other Fluids 


@ Reasonably Priced 


e@ 6 Sizes from 42" to 2” for Pres-« 
sures up to 600 lbs 


e Many Thousands in Service 


e Sold by Over 100 Mill Supply 


Houses 


See Your Supply House or 
Send for Bulletin S-200 


YARNALL-WARING COMPANY 


128 Mermaid Avenue PHILADELPHIA 18, PA. 





YAR WAY STRAINERS 
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finds particular application in routing 
plant control of the nitrate/hydroxidg 
ratio in boiler waters for the preventiog 
of embrittlement. The equipment cop 
sists of a comparator base and slide coy 
ering the range 0 to 100 ppm nitrate ig 
nine gradations. An initial supply of 
reagents is furnished with the compara 
tor. The accuracy of the method is ng 
affected by ions normally present jy 
boiler water. 


8—Combustible Gas Alarm 


Davis Emergency Equipment Com 
pany, 45 Halleck Street, Newark 4, New 
Jersey, has introduced an alarm system, 
remote head type, designed to detec 
combustible gas, give an audible signal 
before mixture with air becomes dam 
gerous, and control appliances, such ag 
shutting down machines, starting ven 
tilating, etc. 

The analyzer head is housed in an 
explosion-proof condulet and is located 
in the area being sampled. Thereby the 
analysis is made under temperature con- 
ditions at the point where the gas mix 
tures exist. 

The control cabinet may be located at 
any distance in a -gas-free area. 


concentration reaches the control cabinet 
through an electric cable and therefore 
the response is instantaneous. 

The system utilizes the. effect of com 
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Davis Combustible Gas Alarm System 
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The signal of any change in the gasi 
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if @ i] WELDERS KNOW THEY'RE Undform 


s mix. : ee WE KNOW WHY. ee 


ited at 

ne a : 4 e Stainless steel fabricators are rapidly finding out one fact about 

-abinet a PAGE- Allegheny stainless steel electrodes. 

re 7 They can be depended upon for uniformity. 

f com [ We know why they’re uniform. It is because of our rigid control of every 

iP manufacturing process—from drawing the wire to final inspection of the 

finished electrode ... constant check on wire and coating. . . frequent 
tests under actual working conditions. 


Experienced welders take PAGE uniformly high quality for granted. 
= 


In addition to a complete line of stainless steel, your PAGE distributor 
offers a wide range of PAGE Hi-Tensile electrodes and gas welding rods. 
The benefit of long experience in selecting the one best rod for each — 
welding job is yours when you 

n 


. e FAGE-Aty p ie 
Get in touch with Page / ALLEGH Ey, 
Welding Stainless Steel? This booklet contains much 
new, up-to-date information on the subject. Ask your PAGE 
distributor for a copy. Or, if you prefer, write to the fac- 
tory in Monessen, Pa. 


PERE TOGGLE IR 





CTR 





co 


(l F Monessen, Pa., Atlanta, Chicago, Denver, Los Angeles, New York, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


mS. PAGE STEEL AND WIRE DIVISION 
yy AMERICAN CHAIN & CABLE 


stem RADE 
MARK 
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A guidebook of unit operation, 





operational features 


P. O. Box 2608 





Order from 
THE GULF PUBLISHING COMPANY 


theory and equipment. 


Elements of 
Chemieal 
Engineering 


By WALTER L. BADGER 


Professor of Chemical Engineering, 
University of Michigan 


and WARREN L. McCABE 


Assistant Professor of Chemical Engi- 
neering, University of Michigan 


625 Pages, 51/2 x 8, 
314 Illustrations 


Price, $5.00 


This book covers all of the operations such as drying, distillation, extraction, 
crystallization, mixing, etc., which are common to many chemical processes. 
It describes the theory underlying these operations in the manner most 
adaptable to the needs of the engineer who is called upon to group them 
for most efficient and inexpensive production. All theory is begun with fun- 
damental conceptions and developed as simply and logically as possible. 
In addition the book gives classified descriptions of all the principal types of 
equipment for carrying on unit operations. Illustrated by many specially 
prepared drawings showing sectional view of machinery and emphasizing 


Houston, Texas 
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APPLICATIONS 


« MULTI-METAL 
WIRE CLOTH 
ELECTRONICS - OPTICS - FILTERING 


Continuous research and progres- 
sive development have enabled 
MULTI-METAL to find new 
types of applications for Wire 
Cloth, apart from process indus- 
try operations. 











Through this program, we have 
made it possible to apply the 
peculiar nature of Wire Cloth in 
such fields as mechanics, optics, 
catalytics and electronics, in addi- 
tion to its wide screening and 
filtration uses. 


Our experience and information, 
where not of a confidential nature, 
is at your disposal. 









* 
a 


* SIFTING + SCREENING 


Wire Cloth 
Filter Cloth 
All Meshes 
All Metals 


Multi-Metal 


WIRE CLOTH COMPANY, INC. 


Re TtCT-laaglt-l. me aa 


New York 59, N. Y 
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bustion of flammable gas-air ‘mixtures 
on the surface of a heated element. This 
combustion increases the temperature 
and consequently the electrical resist. 
ance of the filament. 

This increase in resistance diverts part 
of the current, flowing in a special cir. 
cuit, through a meter which is calibrated 
in terms of the lower explosive limit of 
the gas being detected. The heated fila- 
ment is located in the analyzer head. 

When the gas-air mixture reaches 
preselected percentage of the lower ex. 
plosive limit, a series of relays close to 
sound an audible signal, and to control 
appliances. Machines can be shut down, 































ventilation may be started or increased, gree 
and extinguishing systems actuated. Inf met! 
fact, any function may be performed 
which is made. possible by opening neet 
closing an electrical circuit. 

Alarm and appliance control can be TPF 
actuated at same or different percentages l 
of the lower explosive limit, as may be oa 
required. 

Any number of analyzer heads can be ] 
employed. Each being a complete unit, 
independent of the other, may be cali-@ the 
brated for individual gases. Control cab- 
inets can be grouped together, each con- qual 
nected to its analyzer head, and all 
served by the same pump. A separate cons 

| panel under each control box, shows# adde 
flow of sample on mercury column and 
mounts a “purge” and “sample” valve. lizin 

The filament blow-out signal gives th 

ec 






| operator a visual and audible indication 
if any analyzer head is temporarily in- 
operative. Simple filament replacement 
is possible. 


9—Valve-Stem-Position Indicator 


The Liquidometer Corporation, 3914 
Skillman Avenue, Long Island City ], 
New York, has announced availabilit 
of a remote-reading hydraulic valve- 









stem-position indicator, developed in 
conjunction with Jenkins Brothers, 
Bridgeport, Connecticut, for use by the 
Navy. 





The indicator shows the open or shut 



































Liquidometer Valve-Stem-Position Indicator 
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“TOWER” PROPANE DEASPHALTING 


or Fractionation 


.. . LEADER IN A SERIES OF PROCESSES FOR PRODUCTION 
OF HIGH QUALITY LUBES WITH NEW EFFICIENCY! 
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Uxpousrepty, this process represents one of the is just one of the complete series of propane pro- 
greatest improvements in lube oil manufacturing cesses for lubes offered by Kellogg. In conjunction 
methods of recent years. To Kellogg process engi- with dewaxing, acid treating, and clay treatment... 
neers who developed the system commercially, it the lube refiner has at his disposal a complete opera- 
represents an outstanding achievement in their work tion in which propane is used with maximum effi- 
on lube processing. ciency for economical production. For deasphalted 
oils which require viscosity index improvement, the 
new Kellogg counter-current treating tower for phe- 
nol extraction has also proved unusually efficient. 
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High asphalt content is eliminated as a factor in 
the economical production of lubes of premium 
quality. Thus, crudes which have been previously 
considered unsuitable for the purpose have now been 
added to the nation’s supply of raw materials. Uti- 








Whether your postwar operation is focussed on 
production of premium lubes or conventional vis- 
cosity index products ... you will be interested in the 
operating figures which Kellogg engineers can show 
you on processes which can be “custom tailored” to 








lizing similar equipment for fractionation, it avoids 





the cracking which usually occurs in distillation. 












“Tower” Deasphalting, while an important unit, your crides, 
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Fits Like a 


-Glove— 
HENCE KEEPS MORE HEAT IN 


KEL-BLOC high temperature insulating 

block is yielding enough to fit tightly 
| around surface irregularities. Composed of 
high temperature, moisture resistant, long 
fibre black. Rockwool, felted and bonded 
together to provide uniform density; the 
millions of dead air cells assure its excep- 
tionally low conductivity. 

Kel-Bloc is light in weight, easily cut and 
fitted to irregular surfaces and provides a 
ONE BLOCK INSULATION effective over a 
range of temperatures up to 1600°F. 

Write for further information on physical 
properties, sizes, etc. 


RECOMMENDED FOR INSULATING: 


Pressure Vessels Oil Heaters 
Heat Exchangers Dryers 
Steam Accumulators Ovens 
Boilers Breechings 
Furnaces Ducts 





THE M. W. KELLOGG COMPANY 


Sales Office: 225 Broadway, New York 7, N. Y Plant: Jersey City, N. J. 
REPRESENTATIVES IN: CHICAGO + DETROIT + PITTSBURGH + LOS ANGELES 





Monel Fabrication ~ column sections 
boiler shell and coil, feed head and storage tanks 
for pilot plant acid distillation - all Monel metal. 
Hicks know-how in the design and fabrication of 
process equipment in Monel or any other special 


metal is excellent performance insurance. 










SINCE 
1844 


S.D. HICKS & SON CO. 


Process Division: 51 E. 42nd St., New York 17, N.Y. 
) Plants; Hyde Park 36, Mass. 


Write for our “Process Equipment Bulletin” 
SER SSee Sees eee 
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position of valves. Valve-stem position 
is transmitted to the indicator jj 
through a temperature-compensated dual 
hydraulic transmission system which re. 
quires no outside source of power. The 
indicator dial may be located at the 
transmitter or any reasonable distance 
from the valve. Indicators can be located 
on a single panel with the transmitters 
adjacent, thus making it possible for one 
operator to see and control the position 
of every valve. 


10——Pump Maker’s History 


“Horizons” is the title of one of the 
most interesting histories of an indus. 
trial concern to come to this editor's 
desk in a long time. It deals with the 
history of Byron Jackson Company, the 
development of its products, and pic. 
tures a fortitude in the face of one of 
the world’s greatest disasters which js 
a challenge to the present-day executive. 


11—Salt 


Pennsylvania Salt Manufacturing Com- 
pany, Widener Building, Philadelphia 7, 
has published a booklet “Salt of the 
Earth” which describes its mechanical 
exhibit at the Franklin Institute in 
Philadelphia. This exhibit presents a Hl 

| 





































simulated working model of a chlorine- 
alkali plant. Included are a photographic 
reproduction of the exhibit, and sections 
of the model clarify the descriptions of 
the various processes. A three dimen- ( 
sional model of the chlorine atom is NY | 
part of the exhibit. The booklet shows 
some of the current conceptions of the 
chlorine atom and the origin of the 



























chemical and physical properties peculiar ° 
to this element. 

° u 
12—Beryllium 


The Brush Beryllium Company, 3714 
Chester Avenue, Cleveland 14, Ohio, has 
available a leaflet on advantages and ap- 
plications of beryllium, which it de 
scribes as of simple atomic structure, 
the only light metal with a high melting 
point, and providing superior advantages 
for X-ray transmission and sound veloc- 


ity. : 
13——Steam-Jet Thermo- 
compressors 

Worthington Pump and Machinery 81 
Corporation, Harrison, New Jersey, % e 
distributing a reprint, “Steam-Jet Ther 
mocompressors Supply Intermediate a 
Pressure Processes.” The article, by P 
Philip Freneau, ejector specialist wi! 
the company, appeared in Power. 
14——Heat-Transfer Equipment 

The Patterson-Kelley Company, Eas u 
Stroudsburg, Pennsylvania, has _issue¢ . 
Catalog Section No. 103-K, on kettles 
heat exchangers and other heat-transief t 
equipment for the process plant. tl 


15—Air-Entrained Concrete 

Dewey and Almy Chemical Compaty, 
Cambridge ‘40, Massachusetts, has pub- 
lished a booklet on Air-Entrained Cor 
cretes, and a Manual for using Dare 
AEA, air-entraining agent. A proble® 
of air-entrained concrete has been th 
inability to control the addition of # 
Darex AEA, a water-soluble compo 
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Here’s the wire cloth that 
screens out your PROBLEMS, too! 


Refinery men know the importance of 
using materials that keep corrosion at 
arm’s length. 

They know, too, that corrosion resist- 
ance is but one important characteristic 


of nickel and Monel. 


That helps explain the wide use of 
nickel and Monel wire cloth in refinery 
filtering and screening operations. 

For these metals have the ability to re- 
sist attack by oil, gasoline, and other hydro- 
carbons, brines, caustic alkalies, many 
acids and salts (500° F is the upper tem- 
perature limit when sulfur is present) . 

What’s more, both possess high strength 
... plus rigidity and toughness; they stand 
up under elevated temperatures, and don’t 
suffer from embrittlement at low tempera- 
tures; they resist the wear and abrasion 
that frequently cuts months from the life 





NICKEL AMtd, ALLOYS 


WOMEL® © °K" MONEL* "S**MONEL® © 'R'' MONEL* © ‘KR’ MONEL* « {NCONEL* © ‘'Z"’ NICKEL* « NICKEL © Sheet.. Strip. . Rod .. Tubin 






of ordinary equipment. 


Nickel and Monel are ductile . . . easy to 
fabricate by all commonly employed meth- 
ods including resistance welding, soldering 
and silver brazing. Wire screen and filter 
cloth are produced in every standard weave 
and mesh, ranging from 1 to 250 mesh per 
lineal inch in the case of plain weave to as 
fine as 50x750 mesh in twilled Dutch weave. 


Those are_all good points to consider in 
choosing a wire cloth for your filtering 
or screening needs. And remember this: 
among corrosion-resistant wire cloths of 
comparable high strength, Monel is low- 
est in cost. 


Consult your regular source of supply, 
or write us for further information con- 
cerning the application you have in mind. 
The International Nickel Company, Inc., 
67 Wall Street, New York 5, N. Y. 
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Specia, Mone. Strainers 
and large diameter filter 
blankets ... fabricated to 
meet the exacting require- 
ments of the petroleum 
industry. 





*Reg. U. 8. Pat. Of. 
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WELD PIPE 


Faster... Easier... Truer 


JEWEL PIPE 
CLAMPS 


They align pipe perfectly and hold it secure 

for tacking. On in a minute—off in ten 

seconds. Two sizes, 44 to 8 in. —8 to 16 in. 

—_ construction resists strain, heat, and 
use. 


Other Jewel Clamps for Ells, long and short 
turn — for Flanges — for Headers. Also Pipe 
Marker, eliminates patterns for holes and 
saddles. 


Se simple—so easy to use — Jewel Tools 
are proving big time-savers in refinery pip- 
ing fabrication and erection. 


Write Today for Details and Prices. 


JEWEL Manufacturing Company 


1841 University Ave. 
ST. PAUL 4, MINNESOTA 








ACCURATE... 
PROMPT... 


Analyses of Oils and Gases 
General Chemical Analyses 


Tests and Inspections of 
Materials 

Including 

melelliciliel aati Lh ess 

Evaluations 


Crude Oil 
Dete 


TT: 


TESTING LABORATORY, Inc. 


for 


Wax rminations 


HOUSTON 


Fairfax 4 


& WN 


779% 
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that comes ready to use, overcomes this 
problem. The bulletin and manual ex- 
plain the compound and gives complete 
instruction on its use. 


16—Stainless Steels 

Jessop Steel Company, Washington, 
Pennsylvania, has issued a folder which 
contains, in tabular form, essential en- 
gineering information on physical prop- 
erties and mechanical characteristics, 
corrosion resistance, and properties in 
fabrication of stainless steels. 


17—Porcelain Plungers 

A six-page illustrated data sheet, No. 
57-2, describing “Kosmos” porcelain 
plungers, which can be used on almost 
any hydraulic pump, up to 2000 psi, is 
now available from Aldrich Pump Com- 
pany, Allentown, Pennsylvania. In addi- 
tion to telling of the savings resulting 
from decreased wear on packings and 
increased operating efficiency, the data 
sheet gives complete construction de- 
tails, specifications, types of service and 
purchasing information. 


18——Branch Pipe Outlet Fittings 

Bonney Forge & Tool Works, Allen- 
town, Pennsylvania, has available a new 
catalogue which gives aplication infor- 
mation, structural data, installation pro- 
cedure and specifications of its “Weld- 
olet” fittings for branch pipe outlets. 
The catalog also lists the company’s line 
of flanges. 


19——Porous Mineral Medium 
Filtros, Incorporated, East Rochester, 
New York, has published a 32-page 
booklet which discusses the chemical 
composition, physical properties and ap- 
plication of “Filtros,” a porous mineral 


medium adaptable to filtering opera- 

tions. 

20—Welded Pressure Vessels 
National Annealing Box Company, 

Washington, Pennsyivania, has issued 


an illustrated 28-page brochure on welded 
products from open-hearth, stainless, al- 
loy and clad steels for the chemical, 
petrochemical, refining and steel indus- 
tries. 


21—Centrifugal Pumps 

The LaBour Company, Elkhart, In- 
diana, has issued Bulletin No. 51, de- 
scriptive of its packingless, self-priming 
centrifugal pumps. In addition to de- 
scription and engineering drawings, it 
contains other information of interest 
to engineers. 


22——Diesel Safety Control 

Viking Instruments, Stamford, Con- 
necticut, has available Data Sheet R-18, 
describing the Viking safety control 
system for shut-down of diesel engines 
when temperature of water in circulat- 
ing’ system becomes too high, or when 
lubricating oil pressure is too low. 


23—Welding Electrode 

The Lincoln Electric Company, Cleve- 
land 1, Ohio, has announced a new 
shielded-arc electrode for grove butt 
joints and welding horizontal or flat 
fillets in the higher tensile steels. 


24—Reset Controller 


American Meter Company, 60 East 
42nd Street, New York 17, has published 
its technical descriptive bulletin E-24, on 
the new Metric Reset Controller. Photo- 
graphs and descriptions of the five in- 
terchangeable major  sub-assemblies 
comprising this instrument are included, 
together with a cross-sectional drawing 
showing in color the functions of these 
parts in operation of the controller. 


25—Pneumatic Transmission 


Republic Flow Meters Company, 2240 
Diversey Parkway, Chicago 47, has js- 
sued a new 28-page data book, No. 1000, 
“Pneumantic Transmission.” It contains 
a comprehensive and well illustrated 
presentation of the principle of pneu- 
matic force-balance and its use in indus- 
trial measuring instruments. Construc- 
tion and operation of various types of 
pneumatic transmitters for the measure- 
ment of flow, pressure, level and density 
are described and illustrated. * 


26—Wood Tanks 


Santa Fe Tank & Tower Company, 
4820 Santa Fe Avenue, Los Angeles 1], 
has issued a booklet on “Wood Tanks 
for the Petroleum Industry,” which 
gives engineering cata on wood tanks 
for storage of corrosives and for fire 
protection. 


27——Oil Burning System 


Peabody Engineering Corporation, 
580 Fifth Avenue, New York 19, has 
issued Bulletin 109, describing the Pea- 
body CD Wide Range Oil Burning Sys- 
tem. It explains how the system achieves 
efficient combustion over a range in 
capacity as great as 50 to 1, controlling 
any number of burners throughout vari- 
ations in capacity. 


28—xX-Ray Diffraction 


North American Phil‘ps Company, 
100 East 42nd Street, New York 17, is 
distributing a 16-page illustrated book- 
let which is a reprint of three articles 
on X-ray diffraction by F. G. Firth, 
which appeared in Petroleum Refiner, 
April, May-and June, 1945. 


29——Mixed Isopropanolamine 


Mixed Isopropanolamine is now avail- 
able from Carbide and Carbon Chemi- 
cals Corporation, 30 East 42nd Street, 
New York 17. Manufacturers of emulsi- 
fied finished products, particularly those 
where the color of the finished product 
is important, will be interested in mixed 
isopropanolamine. Laboratory tests have 
definitely proved that under normal 
storage conditions, mixed isopropanol- 
amine soaps are more resistant to dark- 
ening than are ethanolamine soaps. Be- 
cause mixed isopropanolamine soaps are 
completely oil-soluble, they are desirable, 
also, in “soluble” textile and metal cut- 
ting oils as well as dry-cleaning soaps. 
This amine product, which is a viscous, 
hygroscopic liquid with a slightly am 
moniacal odor, is completely soluble 
water, but only slightly soluble in hydro- 
carbons. The combining weight of mixed 
isopropanolamine is 135 to 145, or ap 
proximately the same as that of tt 
ethanolamine, and for this reason it may 
be substituted weight for weight in most 
formulas calling for triethanolamine. 
Further information on mixed isopro 
panolamine can be obtained by writing. 


Petroleum Refiner—V ol. 24, No. i 





j 


Decem 


